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1. CENTRIFUGAL FLOW PUMP SIZING PROGRAM



d. J. Brunnef‘
4-28-72

COMPUTER PROGRAM
CENTRIFUGAL FLOW PUMP SIZING PROGRAM

I. INTROBUCTION

Preliminary sizing of a centrifugal flow pump is performed based on an
assumed or initial hydraulic efficiency, €omponent losses are Computed and a
new value of efficiency is determined. Sizing and loss computations are repeate
until the hydraulic efficiency approaches a constant value and the specified he:
is satisfied. With this program, a pump can be sized for a specified flow coef:
cient or the optimum flow coefficient can be determined by iterative process thi
selection of the appropriate program flag. Because of design model Timitations.
this program is generally not recommended for final detail design.

This program was used for the design point selection of the NERVA two-st:
turbopump described in Reference 1. '

Reference 1 - Aerojet Nuclear Systems Company Engineering Operations Repbrt
N8300R:71-076, NERVA Turbopump Design Report, Volume 1,
September 1971



N8300R:72-106
May 1972
Page 1

I. INTRODUCTION

During the design of the NERVA Turbopump, numerous computer programs
were developed for the analyses of fluid dynamic problems within the machine.
The programs developed are shown in the following 1ist.

1. Centrifugal Flow Pump Sizing Program

2. Axial Thrust Balancer Stability Analysis

3. Circular Section Volute Design

4, Inducer and Impeller Performance Program

5. Impeller Discharge Traverse Data Evaluation
6. Pump Air Test Data Reduction

7. Overall Performance of a Two Stage LH, Pump
8. Crossover Passage Design

9. Air Pump Performance Map

10. Pump Axial Thrust Program
11. LH2 Pump Test Data Reduction Program
12. Axial Blade Design Program

13, Multistage Axial Flow Turbine Performance Analysis Program

This report contains program descriptions, example cases, users instructions,
and Tistings for the majority of these programs. In some cases only the listing

is included,

II.  COMPUTER PROGRAM DESCRIPTIONS




I1. DESIGN MODEL

A.  IMPELLER MODEL
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If the inducer (axial section) is integral to the impeller the first
partial blades are assumed to begin at the start of the transition section. The '
transition section is divided into 3 cones. The blade angle within each conical
section is constant. The radial section contains logarithmic spiral bTading
(8= 85). |

Blading of impellers withcout integral inducers begins at the start
of the transition section. For such impellers the input parameters Z0 designating
the number of inducer blades must be zero.

B. VANED DIFFUSER MODEL

The parallel wall vaned diffuser consists of vanes with strajght line
contours within the region of vane overlap. The vane shape is shown in Figure 2.

IIT.  INSTRUCTIONS TO INPUT

1. The ratio QKI is the ratio of the impeller recirculatory flow to the
net pump flow.
PHIMN is the limiting minimum value for the inlet tip flow coefficient.
The cavitation parameter VHKM is the ratio of the Net Positive Suction
Head to the inlet velocity head. |
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4, The first partial impeller blades designated by Z1 are the longest
blades next to the full blades. The inducer blades ZO which generally
extend to the impeller discharge are:éonsidered as full blades &,must
be added to the partial blades to obtain the total number of impeller
blades. 72, Z3 and Z4 are splitter vanes or shorter partial blades.
The value to be input for the blade schedule NZ is equal to the
highest number of partial blades, e.g., for Z3 NZ = 3. The blade
schedule for the 24 blade M-1 oxydizer impeller, for instance, is:

YA = 24 total number of blades

Z0 = 3 full blades or inducer blades

71 = 3 first or long partial blades

72 = 6 second or intermediate partial blades
I3 = 6 third or short partial blades.

5. The blade angle distribution factor KBMID is the ratio of the inducer
| discharge mean blade angle to the inducer inlet mean blade angle.
For flat plate inducers with constant hub ratio KBMID = 1.0.
. The tip ciearance Tactor SiG is generaily 1.2.
7. To improve axial thrust balance the impeller disc is sometimes extended
beyond the discharge mean diameter of the impeller, as indicated in
. Figure below. DR is the radial extension of the impeller disc.

)
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10.

11.

12.
13.

14.
15.

16.

.17,

-~ Reference 2

Impeller configuration flag FLAG

0 unshrouded with backvanes

1 shrouded with backvanes
2 unshrouded with smooth backside ‘
.3 shrouded with smooth backside

The labyrinth clearance factor FLACO is the ratio of the radial
Tabyrinth clearance to the labyrinth diameter.

The flow coefficient factor KPHI is the ratio of the desired flow
coefficient to that recommended by Stepanoff in Reference 2. For
unshrouded impellers KPHI is generally less than 1.0.

A desired flow coefficient can be input. This will override the
program vecommended value. If three values are input, e.g. three
pumps will be calculated in the same run.

The ratio XKQD is the ratio of the diffuser recirculatory flow to

the net pump flow.

The diffuser length to throat rat}o i{s equal to XL/TIN (see Figure 2).
For the parallel wall diffuser,the diffuser area ratio REX is TOUT/TIN.
The diffuser blade shape and especially the thickness to chord length
ratio varies significantly with blade number and blade angle. If
these parameters are not specified (see note 17) the program searches
for an acceptéb]e blade shape within a range of blade angles and
blade number 1imited by RLBET and RLZD. RLBET is the difference
between the maximum allowable blade angle and the minimum calculated
value (generally approximately 2 to 3 degrees). RLZD is the maximum
diffuser blade number specified. The acceptance criteria for the
blade profile is incorporated into the main program.

Flag OPTFI = 1.0 if discharge flow coefficient optimization is
desired. ' i

SBETA and SZD are optional. If not input RLBET and RLZD must

be specified in order that a low loss diffuser vane may be selected
from a sampie of vane shapes (see also Note 15).

Stepanoff, A. J. - Centrifugal and Axial Flow Pump, John Wiley & Sons, 1957



18.

19.

20.

21.
22.

23.

If the friction loss coefficient FRD is input it will override
the program calculated friction coefficient based on the vane
surface finish (see Note 21). ,

Diffuser loss adjustment factor FLACO ~ 2.25. Value can be zero
if a continuous crossover channel is used.

Optional housing structural constraints: RPHG, FSTHG & SSTHG.
A1l these parameters must be either zéro or positive.

XKFVD must be input if FRD is zero, |

FLAHG - HOUSING TYPE DEFINITION

1.0 Single Discharge - Single Tongue Vol. (no vaned diffuser)
2.0 Dual Discharge Volute (no vaned Diffuser)

3.0 Double Volute (no vaned diffuser) |

4.0 Vaned Diffuser, Single Discharge - Single Tongue Volute
5.0 Vaned Diffuser, Dual Discharge - Volute -

6.0 Vaned Diffuser, Double Volute

7.0 Vaned Diffuser + Crossover Channel with vaneless

8.0 Vaned Diffuser + Reversing channel with continuous vane

The following parameters are related to internal crossover designs
defined by housing type definition flags (FLAHG) 7.0 and 8.0:

| Friction Loss Coefficient for vaneless turn CLUT (FLAHG = 7.0).

For cast channels CLUT == 0.Q4. This value is lower for machined
channels.

The angle correction factor FINC applies to the inlet angle of
the reversing vanes (FLAHG = 7.0). FINC is the ratio of vane
inlet angle to fluid angle at the inlet to the vane.

A fluid angle BE10 at the reversing vane discharge of 90° indicates
that the fluid exits the vaned passages in radial direction. "

The number of reversing vanes ZRV is related to the number of

diffuservvanes in the program. The program determined value is
overridden when ZRV is input.

The reversing vane discharge disameter D9 is related to the impeller
eye diameter in the model. The program determined value is ignored

if D9 is input.
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The vane height B9 1is indicated in Figure 4 and related to B7
in subroutine REVCH.

The ratio RBRM = rm/Bm (Figure 4) is optional. If input it
will override the program constant of 1.4.

2

The program constant for RB67 of 1.1 can be circumvented by
inputting a specified value. : *

The inlet blade thickness THRV applies to housing configuraticn
(FLAHG) 7. If input it will override the program value of 0.120.

The program constant for RDSY is 1.1.

SUMMARY OF RUN MODES

1.

2.
3.

4.

With all optional parameters specified, €.9. discharge flow coefficient,
diffuser blade number and angle.

As above with as many as 3 flow coefficients for evaluation purposes.
Flow coefficient in percent of Stepanoft's rocommended value, with

or without specified diffuser parameters.

Flow coefficient optimization, no options.



NOMENCLATURE "INPUT

UNITS

10

SYBMOL 'DESCRIPTION """" o - FORMAT
WP Flow Rate 1b/s F
XN Rotational Speed RPM. F o,
RHO Fluid Density w/ftS F
QKI  (1)* Ratio Recirc. Flow Impeller - F
HNPSH Net Positive Suction Head ft F
HTOT Tot Head Required ft F
EPS Inlet Hub Ratio - F
PHIMN (2)* Impeller Inlet Min Flow Coefficient - F
BB2 Impeller Discharge Blade Angle Deg F
VHKM  (3)* Min Cavitation Parameter - F
SOL1 Inducer Blade Solidity - F
Z0 Inducer Blade Number - F
71 (4)* First Partial Impeller Blades - F
Y& (4)* Second Partial Impeller Blades - F
73 (4Y* Third Partial Impeller Blades - F
74 (4)* Fourth Partial Impeller Blades - F
KBMID (5)* Blade Angle Distribution Factor - F
NZ (4)* Blade Schedule - I
SLC - Blade Tip Clearance In F
SIG  (6)* Tip Clearance Loss Factor - F
DR (7)* Radial Extension of Impeller Disk In F
FLAG "(8)* Impeller Configurétion - F
FLACO (9)* Labyrinth Clearance Factor - F
KPH1 (10)* Flow Coefficient Factor - F
- PHI21 (11)* Selected Discharge Flow Coefficient - F
PHI22 (11)* Selected Discharge Flow Coefficient - F
PHI23 (11)* Selected Discharge Flow Coefficient - F
ETAHI Initial Hydraulic Efficiency - F
JA Total Number of Impeller Blades - F
XKQD (12)* Ratio Recirc. Flow Diffuser ' - F
DINLT Diffuser Inlet Blade Thickness In F
RL  (13)* Diffuser Length to Throat Ratio - F
REX (14)* Diffuser Area Ratio - F



SYMBOL L o DESCRIPTION ~ - 7t - UNITS  FORMAT

RLBET  (15)* Range Diffuser Inlet Blade Angle - F
RLZD (15)* Max. Diffuser Blade Number v - F
XKMSC * Surface Finish, Impeller In E .
OPTFI  (16)* Flow Coefficient Optimization Flag - F
SBETA  (17)* Selected Diffuser Blade Inlet Angle . Deg " F
'SZD (17)* Selected Diffuser Blade Number _ - F
FRD (18)* Friction Coefficient Diffuser - ' - F
FLA (19)* Diffuser Loss Adjustment Factor - F
RPHG  (20)* Max to Design Pressure Ratio ' - F
FSTHG  (20)% Housing Safety Factor _ o - F
SSTHG  (20)* Housing Material Yield Strength 1b/sq in F
VIS .~ Fluid Dynamic Viscosity j 1b sec/sq ft E
XKFVD  (21)* Surface Finish Diffuser Vane | In E
XKDVD Diffusion Loss Factor ( ~~.260) - F
XKIVD Incidence Loss Factor {7V .300) - F
EVD Diffusion Exponent Diffuser (~3.0) - F
FLAHG  (22)* Housing Type Definition ' - F
XKSFS Volute Surface Finish In E
CLUT (23)* Friction Loss Coeff, Vaneless Turn - F
FINC (23% Angle Correction Factor F
BE10 (23)? F]uidlAngle, REversing Vane Discharge Deg F
ZRV (23)"* Number ‘of Reversing Vanes | - F
D9 (23) * Reversing Vane Discharge Dia ' In F
B9 (23} Vane Height, Revers Vane Discharge In F
" RBRM (23) Ratic Mean Turning Radius to Mean Passage Height , F
RB67 (23 Ratio B6/B7 ' . - F
THRV (23K Inlet Blade Thickness | ~ In F
RDSV  (23)* Ratio DSV/D9 (~ 1.1) R - F

*Note number, see Instructions Section III.

N



'NOMENCLAIURE'OUTPQL

SyMBOL o DESCRIPTION"""‘ ............... - UNITS
RA See Figure 1 - In
RC see Figure 1 ' In
AR Axial Length of Inducer Section In
CLIND Chord Length, Inducer : In
THIND Blade Wrap Inducer Deg
DHIND Hydraulic Diameter Inducer plade Passage : In.
CLTOT Total Chord Length | In
RP2 Radius Locating ond Partial Blade In
SOLTO Total Solidity -
cLiMP Chord Length Impeller ' In
THIMP Blade Wrap Impeller 3 Deg
DHIMP Hudraulic Diameter Impeller Blade Passage In.
THTOT Total Blade Wrap . Deg
SoL2 Blade Solidity 1st-2nd partial -
biid ydraulic nig. 1st-2nd partial In
BBC1 87ade Angle Cone 1 Deg
BBC2 - glade Angle Cone 2 Deg
BBC3 plade Angle Cone 3 _ Deg
DHTOT Hyd, Diameter Total " In
SOL3 Blade solidity 2nd-3rd partial _ ' -
DH3 Hydraulic Dia. 2nd-3rd partial , In.
CLRS Chord Length radial Section In
cLCl _ Chord Length Cone 1 ' . In
o CLe? Chord Length Coné 2 o In
cLC3 Chord Length Cone 3 : - ) In
CLTS Chord Length Total In
SOLIP Impeller Blade Solidity - -

12




13

SYMBOL ‘DESCRIPTION = - UNITS
THRS Blade Wrap Radial Section Deg
THCT Biade Wrap Cone 1 Deg
THC2 Blade Wrap Cone 2 Deg
THC3 Blade Wrap Cone 3 Deg
THTS Blade Wrap Total Deg
SCL Blade Tip Clearance In
DELE Clearance Loss Parameters -
DELK Clearance Loss Parameter -
DELR Clearance Loss Parameter -
WZTH Discharge Relative Velocity ft/sec
RW Relative Velocity Ratio -
HTH Theoretical Head ft
SLPCF Slip Coefficient -
PSINC Head Loss Coefficient Inducer -
PSF Head Loss Coefficient Friction -
PSD Head Loss Coefficient Diffusion -
PSTIP Head Loss Coefficient Tip -
PSCL Head Loss Coefficient Clearance -
PSIBL Head Loss Coefficient Blade -
PSITH Theoretical Head Coefficient -
Parameters describing diffuser blade geometry are depicted in Figure 2. Other
diffuser data:
STANG Stagger Angle Deg
TRACO Chord Length{Transformed) In.
SOLID Solidity -
BBM4 Inlet Mean Blade Angle Deg
" BBM5 Exit Mean Blade Angle Deg
FEE Blade Turning Angle
ACROSS Blade Cross-sectional Area inz
AEW Passage End Wall Area in
ABS1 Blade Surface Area Inz
AR Ratio AEW/(Z x ABS1)
DH Hydraulic Diameter inz
ATHT Total Throat Area in2
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117 FORMATISYXOTHRA T T =F19.3,5X» 7THRC =

1RADUS{95) 1 THETA»RADTHY ALPHAYEAD» DELTA Y GAMMA  ARC » RAR» RLOCY CVAN
2ANVANBKH s DIFBC/RDISPADIS e THICK » THICOPSTANG TRACO»SOLID RBMU »
3BBSFEE)ACROS» AEW S ABS 1 DHo ARSATHT sRIFMNOGOPNSKIP,OPTFI»PRINT I EL2

COMMON RIOPTPRIBM(RIBL)RIAHIDEL $BFLS,DIEQsRMTH» OMPR » OMEW» OMOV
COMMON Vit My XKOVD» ¥KIVD XKFVYNPEVDFLA, XKOD» O QD OMTOT
COMMON RPHG s SSTHGrFSTHS » XKSES» XKMAC 1 DA N7+ C7sDPSSCrDIPSFSDPSMC 2 CRY

TTCOMMON RUBET/RLZD»SBETA»SZDyPSHSGYETAOV ¢ LOOP »FLAHG» RO
COMMON CLUT»FINC(BELGRBRMrDOIRE6T 1 THRY ¢ ZRVIRDSV TEXS »DLDM,DCMS
110 FORMAT(IXy ' IMLET HUB DIAMETER,DHI'»13XrF104302Xs t INCHES s 10X, * INLE

7T MEAN RADIUS RML*r16XeF10.3,2X s tINCHES?)

111 FORMATOLX» "IHDUCER VANI HEIGHTsH* r 14X eF10.3+2X» *INCHES ' » 10X * INLET

8 AREA»AL»22X1F10.3+2Xe'SQ INT)

112 FORMAT(1X» * INLET BLOCKAGE yBLK1V v 1AX/F10. 3'3X"***"1?X"INDUCER DI
LFF PARAMZTER I DPIND' » 7TX»F 1032 3Xe Yo %%t}
113 FORMATULX» "INLET AREA #ITH BLOCKAGEs,ARL*»7XrF104392X»*SQ IN'»11X0?

IDISCHARGE AREA(A2T» 18X FL0G312Xe 150 INT)
114 FORMAT(1X»'INLET MEANM GLADE ANGLEsBRM1'»8X»F10.392X» *DEGREES?)
"115 FORMAT(1X,"IMPLLR DIFF PARAMETERsDPIMPY,8XpF104393Xr *kxx*, 12X, 'DIS

2CHARGE BLOCKAGE sBLK2Y » 12X sF1043s3X0 thkxr) o
116 FORMAT(1X» PINLET TIP T2 DISCHARGE DIA RATIO»XSI'.F9, 3!3X»'***"1?X
1p'STATIC MOMENT,SM*10XeF1043+2X1SQ TN, /)

19 7HCLRS  =1F10.3+5Xs7HTHRS =/F10,3) -
118 FORMAT (5X» 7HCLIND ZaF10.3+5Xs 7THCLIMP Z¢F10.3+5Xs THBHCL  =rF1043,5X

F19.3,5X, THZL, = F10.3,5X

Ty THCLCY TEYF10.395Xs THTHCL T Z,F10.3)

119 FORMAT(SXs 7ZHTHIND =:F10.3»5X» THTHIMP =»F10.3¢5X» 7THEBC2 :.FlU.3r5Xl

1e7HCLC2 =¢F10.3s5Xs7HTHC2 =,F10.3)

TTL20 FORMAT(SX s 7TROHIND S/F10.3,5Xs 7HDHIMP SeF10+3,5X+ 7THBBC3 =+F1043,5X

1,7HCLE3  =rF10.395X) THTHC3 =9F10.3)

121 FOR“A!(SX:?HCLTOT =,F1043:5X, 7THTHTOT SrF10439SXe THDHTOT =9F10.3+5X
» 7THCLTS ~ =vF10.3/5X  7HTHTS
VRITE(3¢114) BBM1
WRITE(3,110) DH1.RM1 °

WRITE (3,111 HrAl
WRITE(3,112) BLKL.DPIND
WRITE{(3,113) ABl,A2

WRITE(3/,115) DPIMPBLKZ »
WRITE(3,116) XSTSM
WRITE(3,117) RAWRCrZL»CLRS» THRS

WRITEAS/118) CLINO,CLIMPBBEL, CLCL P THCT
. WRITE(3,119) THINDeTHIMP,RUC2,CLC2»THC2
) WRITE{3+120) DHIND(DHIMP,BAC3,CLLCIP THCS

WRITE(3,1217 CLTOT s THTOTyDHTOTYCLTSI THTS
IF(NZ~2) 10,11,12
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000057 3 6 FON';T(SXv"SOL'P =P )F10.405Xs 'SOLTO =t eF10,14)

T ouunse 1o wf'rLuw,o) SOLIP,SOLTO ]

000059 60 0 30 . - .
008060 22 FORMATISX)THRP2  =,F10.3+5X, 7HSOL2 _ Z=eF10e395XeTHSOLS  ZeF1063.5X
000061 T THG0LIP _:F10.3/SX,7HsotTo Ey LGV 3VEXy THOH2T Sy F100 35X THOHS
060062 | : ~3)
000053 13,92) pPz.SOLa.SOLa.SOLIP,SOLTo.on.DHs
TTeCuNot U6 rol3o T
000065 12 IE(MZ-3) 13513018
00065 24 FORMATIEX7HSOL2  =eF10.3¢5X,7HSOL3  =»F1043+5XsTHSOLE  =rF10,.3s5X%

TTTeenes7 T TR 7RRPE T S EL0.308X5 THIPS | =hF104375X s THSOLIP =,F10.35Xs THSOLTO
060068 B=VELDL 305X, THDH2  =+F10.3r5Xs THDH3  =¢F10.3¢5Xs THOHG  =¢F1043)

QU069 13 WRITE(3,24) SOL2+SOL3»S0LY RP2RPI,SOLTP,SOLTOsDH2, DOH3,DHY

o070 T T 1ol s 1
o071 : 127 FIRMAT(SXyTHRP2  =»F10.3,5Xe7THS0L2  S+F10,355X»THSOL3  =,F10.3,5X
puo072 T 1e7HDAE SeF10.35X07THDHZ =i F10.3/5Xe THEP3 =eF10.395X ¢ 7THSOLY

TTTTRUO073 T 22 F 103 5X P THSOLS T = F 10 305Xy THDHY T =0 F10. 3 SX e THOHS | =»F10.3/5
000074 L 3XeTHRP3 =F10,3,5Xs THSOLIP =+F1043¢5Xs THEOLTO =+F10.3)
0uu075 14 WRITE(3,27) RP2,SOL2rSOL3»DH2DH3sRP3 s SOLE ¢ SOLS s NHY s DHS )y RP3,SOLIP,

TTTou0a7s T T TTTTTTTIS0LTO ;
200077 : 30 RETURN :
0u0078 END o o ] i

P e e e e :

i
' -




‘::':;;,_,v«,’ pirhns e gy ! ’ o ) NATE 28 APR 78 PAGE A

U UL :
: #ECT ASING I, 710427, 65080, T
; R . ’ - : i

A T TToog00l T FUNCTYONTASINGA)
000002 . IFCAYEe242° )
000003 1 SIGNzhki, 1
LIRRLY 60 0 3 7
000005 : P2 STGN=Le
n00006 L3 ASINSATAN(L./SORT(L,/A%#2=14))*SIGN
0uu007 TURETURN '
0Ugnog .END L

e R R e o e 8

. .
. B

3
.
;

i .

N .

] .

a

)

) ‘

{ -

] M ; -

i



NATET 28 APR 72 PAGE 7

I
v e L ¢
o TR ELT CLABY1, 7 6427;“a3691 f 3
I . g
TTTR0600Y TS nROUT IR E CLAB. g i
000602 . comiert xx(s).xz(S)»x=R(a).XR(a) i
080003 COMMON'OML1rRMIsHeRA,RCBBML. CLTND_IHINDcz,1QHIND»BLY19A1 »AB1,DPIND :
cagooa ] Ly DBC1RBC2YBRC3 CLCLYCLCo CLC3/ CLTS» THCL » THC2» THC 3 » THTS» CLRS » THRS Y i
00095 2CLIMP P THIMP » CLTOT» THTOT »BLK2» A2 SOL1 1 SOL2»SOL3rSOLL»SOLB»SOLIP»SOL §
8000006 L BTOYDHe DRI DHG DHE P DHIMP s DHTOT rRP2+RPI P RP 1P SMr QL1 SIG2 DRy CM2 'QCL b
“Lavoo? oMo DTLPEPS,D2,B2,BBT Ly BB2rZr20s21922¢ 23, ZUrNZsKBMIDyXSI,DPI b
uu0o008s © coMMOMN WPy XN, RHo'oKI'HNPSH.HTOT.PHIMM,VHKw.ETAHz.Pf.TH ESHR, RWR {
G009 COM.IOM XKPHL,PHI21 rPHIZ22,PHIZZ CMLeUT L1 PHILIT,SeXNG»PSI0PHI2 W NCASE i
TTTTunv0Ly COMMON FLAGIVISHSLACOr W U?-PS BLIDPIPS, PSITIP»PSIINIFRD - H
040011 . COMMON BL o RLIREX(RU»BETA»BFLE e ZDyDINLT P DISTHr TINS TOUT e XL VS, ¥
000012 ) 1RADUSLO5) s THETA Y RADTH» ALPHA s RAD 1 DELTA» GAM“A» ARO»RARFRILOC» CVAM, 4
TTeu00L3 T - TTT2ANVANS BB DIFBCIRDISFADISY THICK » THICO STAYIG P TRACO/SOLID ABMY 3
00001y IS FEErACROS Y AEW r ABSL1 DHr ARSATHT rRIFNOS0/NSKIPrOPTFIWPRINTFI2 {
00001s COxMON RIOPTPRIUMeRIBLRIBHIDELBFLS,NEAY IMTH OMPRr OMEW e OMOV : :
TUOOuOLeT, T T T COMMON Ve My KKDVD » XKLVD s XXFVN 1 FYDPFLAY XKGD» Qe QD OMTOT . /
049017 . COMMON RPHG»SSTHG ¢ FSTHG» XKSFS 1 XKMSCeNA D71 C7+DPSSCe DPSFS»DPSMC 34
090018 COMMON RLBET»RLZD»SBETA»SZDrPSHSGrETAOY P 1LOOP»FLAHG 39 : v
TTTTGUO0LY "COMMON CLUT/FINC»BELOrRBRM DI RBET» THRV» 2V RDSV» TEXS »DLOM 'y BCMS . ;
000020 n2=pa/s2. i
couo21 RT1=DT1/2. : B
w22 D=2. »RUR ;
£r0n23 COZFLACOXD L ¢
Q000248 PIZESHR/16. . - L . e ¥
TTTguogas T T T rEL 030 ; ' i
0upees XMTH=5.
009327 DPFF=.1645E=07*. 025*RHO*XN**2*(RZ**Z-RTL**Z) i : : .
TTTTgnpoRg T T T T T T p P IPS-DPFE - .
; 2 VISVISH(32+16/RHO)
. COEC=.67 e
= eO03LT T PALR WX RHOR 32 1741*P*1uu.
oeuos2 ‘ FB=SORT(FA)
0uUD033 5=3,1016%CO*(D+CO) /144, e -
TTTuuG3s T TCFZ(XNTH-1 )% (1, -8.52/ ((PT~T)/7C0+7.23Y)+1.
000035 DO 49 I=1:3 : 1
000036 ____COE=COEC/SQRTICF) | : 3
TUGO0037 T T T w=CoEASKFD ' :
000038 REZCO*¥/ {6+ *SEVI*RHO)
000039 - 7LAB=T/CO N -
QUYNHO IF(RE~60.1200+200¢300
0000H1 ’ 200 RZ=ZLAB/RE
___0uoos2 . CALL INTU(XZeXKIRZIFK)
T TToguouss T ' COEC=14/SCRT {64 /RE+48,%ZLAB/RE+FK)
00004 G0 TO 40
000045 300 REZALOG(RE) ) - _ e B
Tea0se T T CALL INT4(XR)XFRyREFFR) T , A L
000047 FFR=EXP{FFR) ) ’
0oCco48 REZEXP(RE) , :
TTToQuuoue TTTTTT T T COEQOZ 4 62%REXR, 0085 -
000050 IF{ZLAB-1.15) 310+,310+320 : .
0uLast .310 F=0 o 3
0439052 GO TO 330
oUo0sH3 320 F=lem2e7183%%(~,95%(2LAB=1,15)) _ ) .
00a054 330 IF(RE-50N0.)340,340,350 . ] : - I
Cuncss 340 COEC=1. /SQRT(1/COEO**2-F*(2*SORT(1/CO‘O**9-6uo/RF)-=.)+2.*FFP*ZLAB

i
219756 bR . ' i



YATE 28 APR

12

PAG

000057 _
000058
000059 L ey
000060 [F 1 2R TN 5005060
T aun06l 60 wRI}Lﬁ3'27)‘
200062 WRITE ! 3:29) D - .. o : C
_ 000063 WRTY r’},}l) co : : : o
TouCooy Lk
000065 :
0000565 wnTTr';.39) T
0uu0s? WRLTE (3,410 P
010068 WRLT 5)) W

_ 0bucos9 27_FORM x(/SYrﬂ*ﬁf_LABXBINTH DATA *x%s /)
0uu070 29 FORMAT(SX» "LABYRINTH DIAMETERs D"33XrF10.4v?Y"IN')
ouuo7L 31 FORMATISYy *RADIAL CLEARANCE, CO'»34X,F10.492Xe YIN®)
060072 3I3_FORMATI5X, 'NUMBER O TEETHe XNTHY»33XsF 10492 tH%K?)
QUL 37 FORMAY(SY *TOOTH SPACING, PI®+37X+F10e4s2Xe1INY)
00007y 39 FORMAT(SXs *TOOTH WINDTHs TYe40XeF10.4,2X *INT) '
000075 41 FORMAT(SXs "PRESSURE DROPs_ P2 38XeF10.54:2Y s '1.8/501IN?)
000076 15 FORMAT(SX s "LABYRINTH FLOW RATEr WWR',30X¢F10. #-ZXv'LB/SEC' !
00u07? 50 RETURN
000078 END

A TN 3 WA IR TR

o AR TR




iy N

ATE 28 APR TP

PAGE i
y ; g S
000001 T T TS UBROUTINE T CUR ITT IMy NUMBRY X Y C)
000002 . DIMENSGION X(10),Y(10)rA(L1011)98(11),C(11),P(20)
200003 MX2=2 XM, . L
TTTTRR0004 T ;D0 A3 I=reMx2”
gueeos i P(I)=0.0
0u0006 DS 13 J=1»NUMBR
TTToop007 T TTLETR I =P (Y 4X (D) X T ’
000003 , M4
000009 D0 30 I=1N
000010 DO 30 J=1sN X
0enoLL Kzl+g=2 0
gunoi2 IF (K) 29,29,28 :
TTTRON013 T T T2 ALL h Y =P KY T
009014 GO Yo 30 :
0U00LS 29 Al1r1)=NUMBR ! '
TTTeoeoole, T T30 CONTINUE
000017 n{LI=0,0
_ 000018 DO 21 J=1sNUMBR .
TTTTO00019 7 TT21TR (1) =B INFY (D) i
000020 DO 22 I=2:N
000021 8(1)=0.0
TTToou022 D0 227 JU=1 W NUMBR
000023 22 BLI)=BLN+Y () *X(J)xx(I=1)
1300024 NM1z=N=1
000025 DO 300 KETWRMT :
£00026 KPizK+1 IS
800027 CL=K i
noco2s 0O 400 I=KPLWN b
000929 TIF (ABSALINK))=~ABS(A{LIK))) 400,400,401 {
HUE030 401 L=I ' b
TTToeoosyTT T TTH00 CONTINUE 9
000032 ©IF (L-K) 500,500,405
Q0uC33 405 DO 410 J=KN
TTTOu003 T T TEMPEA (K JY .
GLu03s ALK, DI=ALL e D)
000036 410 AL, JI=TEMP
TTTooen37 T TTTTTTEMPZRTK)
cue038 8(K)=B (L)
000039 . BlLIsTEMP :
0000407 5007D0 300 IZKP1,N X
0000un1 FACT=A(IK) /ALK IK) :
000062 ALIexI=D.0
TTeuooswsT T DO 301 J=KP1»N
oUOoLY 301 ALLsDISALIPJ)~FACT*A (K J)
000045 300 B(1)=B(I)=FACT*B(K)
TTTTO00046 T T NI =B ANY /A (N e N)
200047 T=NML N
Cnooss 710 IP1=7+1
TTTON0049 T T T T T T sUM=0.07 R
000050 DO 700 J=IP1sN :
000051 . 700 SUM=SUM+A(IsJ)}%C(J) :
TToneos2”T T U e (D) =B (1Y ~SUMY /AT )
000053 I1=I-1 |
B CHO0SH .. IF(I) R00,800,710 i
1 TTTOU0085 T T T 800 TRETURM T *
.é 000056 END




((BHJTIVINISx*2) / (eQ~3Svaux*2)=GIA13 986000
__3AVS=HNGd SGA000
Chx (T * 140600
(OWEHE) SO0/ (HWGE INIS= (07134 ) S0/ (hT123) NIS) xSx* ({#7148) S02) *GATHX=ATRO £G0000
SHSV=HKEAE 260000 __
- HRAG=IAVS 150000
((HREE)S0D/ (HWEEINIS+(ST=8) NIS/T#Exx (28410/3SVHY) *V IS/ TINVLIVEAHSY 060000
= ((QZ/2nxdw ) kx (O%*€)) / (v) dXI#(Z/(Sx"2)NIS*O¥ * 2=) XITVISd 65000¢
(* §40€00
T=CHk Ik Q) khxk(Z/kk Dk NBGI U+ Lk (Z/ hxadxCLZ 6T x¥CZ /S 5% L6LG 92V L40000
(9)S02=2 SHO0O0____
HWGE=9 €2 SHO000
{2x% (h/SA)=*T)%2°0 = QOO ®460000
(GHQO** ﬁ)/Z**OAU*(OZ/EQVhH*bSIﬁT S+HAGTA+NT L)+ Gt = 04KO CHONDO___ _
962‘LS/(9A38—'06) S48 12 ehocnl
¢ce 01 09 140000
OA3** 0N QAGHX=00HO 40060
(€9 87500/ (5196 NIS# 8= 10,/ 3SVAE={ HindE) 500/ (HWT 680000
CEEINIS)#(UTI0S**2) / (4WBB) S0+ (ST58) S0/ (HWGE6) S0I% 28410/ 3SVBH=* T2/ greono
(GHO*‘#)/&**GA&*QQigl* CH4=04W0 LE0000
962°L6/571460=5149 €2 S£00U0
TQ4E2¢TT (*L-~OHVId) 4L SC0N00
9622 LG/ AViLEThrige 480000
962 LG/ 4Bz h154 02 ££0000
ZwR(hLe T+ (OAI%X/0HA%*2) 90V48SBIB*0) /°T=0u3 €T 2€0600
02 0L 09__ TCCAN0
TLC2  O#n0au/TEe  0+2£00°0=0Ud 27 685600
. CT¢2T42T (S0+3°T-03MW) 4l 07 620000
z‘or‘rr,(onj) 216 GZ00N0__
SXIL/NIL*HIA = GA g L2060
6 Ol 09 920000
X3Y/06410/SI0H#HIA _ =GA_g¢ _.sentun___
WS g2 (*L=9HVAd) 41 nE0000
SIA/CHUAHLIAYUHTO*LS0T0" 0=C0Y €20000
HA/HIA=AAY 220060
(NTL¥Ea%G73/7Gow 12 = HIA 120000
S 962 LS/ (H130=206) ShHSIV 020000
SWOS/WATAY SX3LIASGYAUZIANHL £90Y6G" w&ﬂc‘OXBb‘DNTJ'lHWD NGYI0D 610000
BEIOHVISVE00T A0V B‘SSHad'GLS‘VLJBS‘OZ LG MOWN0D 810000
. HED ¢ INSATISASdCISSHA4 LD 1 LT4SU ISWAR ¢ SSHA S H;:j‘DH““QHdU FONINO D 2706000
' LOLWO GO D QDX SVESOAT P UASYX CQATHX ¢ CAOMX SWENA NOWWOD P GIe000__
“AOWO P MW THGWO M LW D30T U 30 HETIY TEIE WEIY Y LdOLY NOWAOD SY0Q00
2I5¢INIHGs IALciOAINSNIOSONY TU4 LHLV 4 ¥V ¢ QHO? TSEV ¢ MAV ¢ S0UDY #3344 Grnag Y0000
‘hngE¢ 0705 400VHLONYLS OO IHL HOTHLASIAQY ST AU Y410 GNEINVANY 2 €T0000.
‘NVAS‘DOT&‘HVH‘OUV‘VN%VS‘VLWEG‘GVH‘VHdWV‘HLOVH‘VlBHL‘(SB)EHOVE T 270000
CGAIXOLNOLANILSHLSIOLINIGICGZ ¢h464VLIE3SVEY X3¢ TY 418 NOWIPOD 10096
QUANTIS d‘nIISc‘Sd dQ4EISE ZNIYMM400VTIH4SINAOY MOWWRG D gT0630
SN THA OIS SNX S VAT IHE ¢ TLAY TR S THA 122 THA ¢ TZTHE  THWX  NORWDD 600000
UMH S UHS T HLISH THYL D HA I NIWIHG ¢ LOLH O HSANH ¢ IXO ¢ OHY X 4 ' NOWOD 800000
dWIdU? ISX 4 QINE Z48ZTZI0Z2+4266T168T84LG1Sd34T40 pONMOD L0000
OSYEHT UG dﬂ‘gab'dca"OLHO‘QA;HG‘GHO‘ﬁrO‘QHC'(HW-OLC Ehlavd
TuS‘dIxOS‘SWOS‘ﬁTOS‘EWOS‘ZTOS‘TWOS‘dV‘dMWH‘iOLHL‘lOLWD‘dJAHL“GNT’JC 500000
(SHHL4SUND Y SLHL {EOHLZIHL ¢ TOHLASLI2€0T0480704 107104 C08842U8RTTGR4T 700005
GNIdU‘TBV‘IV‘TNWH‘ONIHO‘.Z‘ONIHL'GNIWD‘TA&Q DY VEH TWy ¢ THA. HOWWOI 00000
e (Q)HX‘(Q)HdX'(G)ZX‘(B)XX NOWPOD 1200000
¥d180__3NILSO0UENS 100000

by

96GE5T 4L2H0TL¢T4YdT80 1113 O

2L adv 82 3ivu _ _ . o GOT¢T90G,

' P
. TR




f3030t007% T commTT ' ‘ DATE 26 APR T2

PAGE

1

000057 f.ggs}esvsu*csu*Rqolvzs
TTeo0es8 IF (ENLD-1.2+05) 15115036
0u0059 15 FRVID™.0032+.221/REVLD*%0,237 | s n
600060 60 Vo 18 .
000061 TL6TERLD = 1./(0.86858%ALOGIBE/XKFVDY + 1.78) k%2
000062 | 18 OMVI.DSEFRVLD*FLYLD* (C34/VE) %42/ (2.%34)
000063 OMTO UMED+OMDD+0M1D u R Lo b
TTTTR0Q0GS T T T U IR (FLAHG T ) 4504546 T - IR T
BU0055 45 OMTIASFLAXOMTD ‘ o b B
cO0065 COMTIT=OMTDA+OMVLD !
TTTTEQCsTT T T 60 TO 47 : o
000068 46 DMTOT = OMTD + OMVLD :
cu0C69 47 ALPHL ZALPHLU¥57.296 '
TTQugeTo T T NRFLMmB"L4*57.296 - :
oUoe71 FLSZRFLS*57,296
Lueo72 aunu SERMG %57, 296
QU073 T T IE(PRINT) 50950040 :
009074 40 WRITE(3+507) S - s
£00075 WRITE(3,508)VTHOMVLD ‘ e .
TTouu0Te . T T WRITE (3,.509)RVD . OMFD ‘ K ) . e
CUeoT7 WRITE(3,510)V5,0MDD - o o : '
000078 e WRITE(3,511)ADIS.OMID s SR
TTTTaooore T T WRITE(3,512)IRED»OMTD
000080 IF(FLAHG=T7.) 42,4241
00D031 _ 41 WRITE(3,613) FRD:OMTOT .
TTTosogazTT 760 TO 43
DREX] 42 WRITE(3+513)FRD»OMTDA
00u0aY  WRITE(3,515) DVD,OMIOT
Touooss TTE3TCONTINUE
U086 507 FORMAT(/45Xs YPERFORMANCE=CHANNEL FLOW APPROACH'//)
200087 508 FORMAT(10X»*THROAT VELOCITY'+15XsF1042¢* FT/SEC?»7Xs*FRICTION LOSS
TTTRU0088 T T T Y COEFF s VANELESS SECTION',F10.5/)
600089 509 FORMAT(10Xr*THROAT TO INLET VEL. RATIO®+uXeF1044,34X, *FRICTION LOS
000C30 1S COEFFICIENT, BLADE'»5X»F10.4/)
TTghogey T 510 FORMAT(10X» 'DIFFUSER DISCH VCLocxrvv.sx,Fio 19t FT/SEC*t»7X»
poo092 1 'DIFFUSION LOSS COEFFICIENT®»21X9F1044/)
000093 511 FORMAT (10X2 'DIFF,DISCH. MEAN CHAMMEL ANGLE F10.3s" DFG’leXp .
TTTTE00098 T — T OrINCIDENCE LOSS COLFFICIENTY v 11XeF1044/) .
009095 512 FORMAT (10X 'REYNOLDS NUMBER» THROAT' »7X+E11 4ls 18X s
000095 - 1 *TOTAL LOSS COEFFICIENT, BLADE':AX,F10.4/)
000097 513 FORMAT (10X *FRICTION FACTOR' 115X +F10.5r18¥ s
c0uo098 1 YADJUSTED OVERALL L.OSS COEFF.r BLADE'»2X:F10.4/) . e
000099 515 FORMAT(10Xs *OIFFUSION PARAMETER?!,»11X,F10. ALluYr'TOTAL_LQSS_QQFFFIC
000100 TIENT Y » 18X F10.6/7/) .
000101 613 FORMAT(LOX *FRICTION FACTOR!» 15X, F13.5, 14X, )
200102 1*TOTAL LOSS COfEFIC[ENT*r15XaF10 n//) )
00103 50 RETURN
00V104 END

oy o TR, ERT




*0=54d4d I¢ 350600
2$4ICITY (r2-9vndy 21 SGO0N0_____
*Q=ADAd HEON00
C(SH*TUPS ¥ XFU=GxF SPY) % * = (dIL3* * S+ X Tk * ) xtxk X3Y) ¥ 40dX=SAId €2 £G0600
zetga'19 (*2-9vs)y dI 2600n00G___
CHRNX* OHU* AGWK¥60~3T9* 1= 40dX 350000
20*¢C =dI13 42 0S0000
- 19T 0%x 23U/B0-3S* TCS40%X_22 610000
42 0L 09 810000
¢ CHx(( 2IBISOTIW)I*60-358B0T26C T=2x%T LUGO00
« 23&)901V)*95-310990L G+{ 23%)90IV*L0=~3THL698°L-90~ATCHBY  ¢=4A¥X_12 SHEOONO
22iTedTe (9% 0T-23u) 41 Sho000
ZY*g¢*=SGy 50000
HO+SY=XZY_02 €50000
6o 0L 09 260300
*0=542d ¢ THOOOO
. ) 02402¢¢ (*I=-0v) 4l 0000
CVEY R . *C=HONX 6€G0N0
. L : *0=5G4d 920000
*0GS/AEDLxdIROZARAD L6000
2xk (dViIT 9¢0000
)*2**(15h0-d;h0)*A8$*(h**(IABb)-h**(dABU),*‘OH*OHU*LO 329GT*=AGOL §¢0000
ASWOU*GINO= 'H.f.o weoean_
(CREX+*Y) /AGXTAGHOY £COG00
S’**((?AGH/AGS)*9§'/2‘** S3UK(SAGU/ABSH G+ 1) /"0ty *di3l= AGX 2ences
*1=112S/G FAGSTdWEL Tonnn__
B . NX*SﬁOI‘:d;fO 080066
e g o A35+LT/I0S=AES. 620600
i 0SHLT/TIOSEAGS T8 820000
PO Z%*2U*6.011.000°C+20¥S608000°0+1020T0°¢=135 00 L20D00
B 18408408 (110941 920600
. : *U/2UE=TASY szon0n___ _
HC+2Y=ZALY 0T H20000
02407407 (*V-9¥14) 41 £20C00
(SIN%*S0C) /0HYx2Yx2N=e3Y 20600
*gseqa=zd 120000
(INO+*T) *gM=cGWI/ 0ZG000
8440104 SX3LIASUYAGZ/AYHL I LSBH 604Uy 0TI ONIEY LNID_NOWKOD, 616000
oS‘OHVTJ‘dOQT‘AUVLB‘UJhSd‘GzS‘ViEﬂQ‘UZTd‘iBHTU "NOWHOD 810600
HED 4 DNSAOSASECISSHQ L4 LUCSAI ISARX {SASHX 4 SHLS 4 OHLSS * OHdd NCWIGD 210000
! LOLWO Q0 404 QOMX SYTd 4 OAT CUAGNX L TATAX  QAONX CAWEBA NOWWOD ' 9T06000__
AOWO * MIWO 4 UGWO ML 40 STA8 A HO I ETY HATYH S LdOTY NOWWOD STO0H0
2I4¢LNTIUC T 4LcO dINSNICIONIY LHLV YUY 4HOY TSEY ¢ M3V SCUIY 3344 GHuNE 410600
CHAGU GITGS Y 0VYUL OIVLISODTHL OUIIHLASIAV¢STQU 4 2UATO4 IUGNVANYR eIo060 __
SNVAD D014 UVH 4 OUY ¢ Vrilivo ¢ VLT30 4 GVY ¢ YHJ IV ¢ HLQVY YL3H L ¢ (S6) SNaVET 210000
SGATIXALNOLINIL HESIQ LTINTUCQZ4hTdU¢ VI3 by ZZ24 6 18 NOMWGD 110600
QUANIISH dIIS¢SdIdC 8IS/ 2N UAMI0IVIZYSTACOYTS NOWKOD 0TG000_
SVONCTHG OIS SNX IS LT IHG T LN TV CSIHAY 22 IHA ¢ T2 THd ¢ THJ %X 1OViNOD 600060
GREIUHS3HLISH  THY LI G HHA SN IH ¢ LOLH I HSANH S THO ¢ OHE 4 NX 4 44 NOWAOD 200006
dedO‘If”'crnsxozw'nztcztzzojz‘uz‘z‘eae‘T;;ales'eo{sgs-;;uAwowwoa L00000
OSSO HU LTS VIS d nda ¢ C AU dU Y TOLHO Y din THQ Y GHAY HHG S CliC aH0 ¢ 04T GO0
05 4dIT0S G054 HT0SCTI0S 2054 TI0S ISV NG LOLHL I LOLTID ¢ N IHL ¢ dWIND0Z 500000
‘SbHJ{ﬁdeig;Hi‘QOH;‘4QE+}}iHL‘SL T2419704€06G 28 T8 Y 400000
ONIdGYTEV ¢ TV TX TG ONIHU¢ T GNIHL ¢ COUVHUH TRYTHO MOVINOD ! £00200
(B)YX4(BIUAX ¢ (EIZX (BINX + . 1IOWWOD 1200600
AgY4Q 3INLLNOHENS 106069

[SETRI

v . P

' 960‘2’.1 YL2hOTLATASYAQ LT3 O

<l IOVd ZL Ydv 9d SLIVG

' "

' [
LonTerAasaEy ul

SR b b




S

Es i

"

L

G0 To 33

ITTERELC I ST I

00057 o g
000058 ]
000059 - i
000060 . .-
000064 E
000062 | PFEGLENPDF % (RWRA#L* (20 ARWR+5 XESHR ) =2 o xRT1H%5) -
000063 PEFG2:XPDF X (R24xU* (2 ¥R2+5 4 ¥ETIP) =24 #RWR*¢5) b ‘
TTTooooen” PFFS=FFFSL+PFFS2 7 T i P T
U065 35 PFTOTEPFRV+PFFS+PFEBRS b o
000066 DILPUF2L7E80 %PFTOT/ (U2%42%Y IMP) : L
TTTR00067 T TTPSLIPEPSITH-PSIBL T T :
000068 PSTiNTHSITH+DLPDF ] : !
000069 PSIPSUPSTIP= 52 (PHIZR*24PSITHAX2) :
TTT00n70 DR LIPS EPSIPSKU2% 2/ 324 L TURRHO/ 104, .
003071 IF(PRINTY 50+50,40 S :
50u072 40 WRITE(3,12) RE2 st D
TTTR00073 WRITE(3,13) XKDF 7 g . .
0O0UT7Y WRITE4Z.24) PFBV o
000075 . WRITE{3,15) PFBS : : cb
TTTTROQuTe T T T T wRITE (S 16) PFFS . D /
000077 WRITE(3+17) PFTOT : S :
000078 _WRITE(3,18) DLPDF
TTTo00079 T T WRITE (30 11) PSIIP
0U1089 WRITE{3+43) PSIIN
000081L WRITE(3:41) PSIPS
TTTTR00082 T T T T T WRITE(353)  DPIPS : .
002083 12 FORMAT(S5Xe "REYNOLDS NO.» IMPELLER, RE2ts1iXrEL10492%0 Thkk?)
0u0Cah 13 FORMAY(5X, 'DISK FRICTION COEFFes XKDF?!p12MsE1044¢2X s T4A%")
TTTR00085 T T L FORMAT {5 X e YRPOWER Y BACKVANES, PFEV Y r 16X F 10 32X YHP )
000086 15 FORMAT(SX» '"POWERr BACK FACEs PFBSTs16XsF1043+2Xs 'HP')
000087 16 FORMAT(5Xr 'POWER, FRONT FACEs PFFSTs15X1F10.3¢2Xs THP ')
TTTIQOQOBR T T T LY FORMAT (5X e "POWER e TOTALY PFTOTY s 10X FLO0L 32X THP Y)Y
poguas 18 FORMAT(SX» 'LOSS COEFF«r DLPDF'+20X 1 F10.8,2X s thkkt/)
003090 . 11 FORMAT(5X» ' IMPELLER HEAD COEFFICIENT, PSITP',22XsF10,Up2X 0 t4ax?)
TTTTOUG09LT T T L3 FORMAT{SKy Y INPUT HEAD COEFFICIENT, PSIINT (25X F10.4r2Xs tak%r)
000092 41 FORMAT(SX» ' IMPELLER STATIC HEAD COEFFICIENT, PSIPS' 1 15X+F1048492Xs?
0On09Y3 1akkr) o i
TTTOGU094 T T T T 53 FORMAT (SX P IMPELLER STATIC PRESSURE RISEs DPIPST,18XeF1l0.492Xr LB/
009095 15QINY) o
000096 50 RETURN
QU097 T T T END




SNESCE ' e

Sealeton T o ‘ DATE 28 AFR
1 '

"R ELT GEOM,1,710827s 63301

SUPRAUTINE GEOHTTMESSTNT

G000
gugoo2 COAMON XK{8) e XZ(3) s XFR(3) »XR{8)
009003 COMMON OHL'RnipH,RAch,ngyx.c';5Qljjgggl7ﬂlpij ¢ BLICLe AL, ABL,DPIND
Fo000Y 1/ BE BRC2YERC3/CLCL L2+ CLCTP CLTS» THCL» THC2 THCD e THTS e CLRS» THRS
500005 2CLUIMP  THIND  CLTOT» THTOT» BLK2» A2 SOL 1+ S0LRSOL3 ¢+ SOLL»SOLS s SOLIP,SOL
000006 3TOPCHZ P DHT rDRG y DHS» DHIMP TOT RP2yRPI+RP+1SMr QT SIS DR CM2ySCL
LoouoT CoMMOY DTIVEPS /XX, 32,83T1 29 ZeZ00Z210Z20 73028 NZsKEMID» XST+DPTMP
000008 COMMON WP XM XXX OKI v HAPSH HTOT r PHIMN VHK A ETAHI » PSITHr ESHR s RWR
00U0N09 COMMON XKPHL,PHIZ1PPHIZ2,PHIRZ CMLIUTL PHIIT S XNS/PSTI0PHI2/NCASE
"""" D000 COMUON FLAGY VIS, FLACO? WWR U2, PSIRLyIPIPS, "STIP PSTIN,FRD
0000Ll COMMOM BUrRLeREXRPBASESBETASNFLU VNS, DINLT2DISTH e TINS TOUT XL V5
DuHLLR 1 R\d}~(08)vsHFTAoRAUTHrALDHAyRADy“‘7TA'f&’”ArAPOfRA“yRLOC'CVAM'
Tonooll 2 ANVANY KDY DIFBC/YRDISHADIS THICK, THICO/ STANG » TRACO»SOLID, BAMY
000014 3RBMS FESr ACROS AEW» ABSLsDHr AR ATHRC »RT ¢ NOSO»NSKIP s OPTF I, P RINT'FIZ
cureeLs CoiMol R{OPTyQIUM:RI?LeRIPH,UFL'PFLSr EG e RIATH » OMPR + OMEV » MOV
o006, T T COMMON Vi My XKDVD  XKLYD s XKFYN»EVD e FLA Y YKQD» 0+ QD OMTOT
000017 COMMON RPHGrSSTHG»rFETHS » XKSFS s XKMSCrDH 10T+ C79DPSSCrDPSFSPDPSMC C3Y
0pools COMMON RLBET+RLZDSBETA»SZD2SHSEETAOVILNOP FLAHGY RO o
000019 COMMON CLUTHFINC ,naloovnqw'on.Raev THRV ZRV»RDSV TEXS +DLDMsRCMS
0U0s20 ALPHAZ3604/VNS ’
000021 DIS=TINSDINLT/2,
TTTTTeg 022 RPZRUASEHNINLT/2,
L0023 THETA=ALPHA/2,
000024 K=0 : ' :
poee2s 100 K=K+1 ~ j .
00U026 ANG1=90,-BETA=ALPHA+THETA
Leoo2? ANG2=ALPHA+BETA-THETA
TTThou028 FUCTZEXP(3.18150xTHETAXSIN(BETA/S7.205) /COS(RETA/57.296)/180.)
000023 FTH=SIN{ (BETA+904.)/57+296) *RBASE#FUCT~RP+C0S (ANG2/574296)1-D1S
060030 ) FPTAZSIN(BETA/S57.296) /COSIBETA/S57.296) *STH((BETA+90,)/57.296) %"
T OUTYER S S TARBASE/ ST 296 +FUCT=RP*SIN{ANG2/ 57,295 7/57.296
000032 ERRORZFTH/FPTH S
000033 THETA=THETA-ERROR
U003 IF(ABSLERROR) ~0, 0L Y " I407 140,150
200035 150 IF (K=30) 100+3C0/300
QU035 140 C=DIS/COS(ANG2/574296)
TTTTGO0037 T TTTTTTTTRAD=RPAC T T
000038 DELTAZS7.296%ATAN((TOUT=TIN)/XL)
0U039 _GAMMASALPHA-THETA+BETA-DELTA ’ . .
000040 TANGS=0.
000041 Mz
000042 200 NZN+5
TTooo0s3T T T ANG3=ANG 3+ 5,
0004y IF (ANG3=-THETAY 210¢220,220
2000435 210 RADUS(N)ZRBASEXEXP (3, 1u159*AM63*er(BFTA/;7 296)/COS(BETA/57 296

0uo0nY
900048

TToogoue

Tiy/1e00)
GO TO 200.
220 QADTH~?BASE*EXP(3.lu159*THETA*SIN(BfTAl57 296)/C0S(BETA/57.296)/

ouLoOLY
000050
000051

1180.)
CD=XL=DIS*SIN(ANG2/57+296) /COS (ANGR/574285)
AXG2=90, +ANG2

0Uc0s2
000053
goolse

OD=SGRT (RADX¥24CD##2=2 . *RADXCO*COS (AXG2/57.296))
PHIZASIN((CD/0D) *SIN(AXG2/57.296) ) %57.205
AAZPHI+ALPHA ’

Tuue0ss
000056

DE=DISTH/2.0
ZETAZATAN(DE/CDY*57.296

¢

:
¥
5
o
¢

R P T L T P T T




;;Jviﬂu

DATE

PAGE

1%

e it

000057
DULESE
000059 .
09850
TTTQuuce!t SIHU(CE/OET*SINTVE/57,296) ) *57.296
000052 . axa ZOMEGA+ALPHA
000063 XLX: ZCOSLTHETA/ST7 . 295) o '
TTReOGsY T ST AL FCOSIGANMA/ ST 295 = (DTNLT/2, 6T *SIN(KNG2757, 29J)
000055 POAZNLA#SIMN(GAMMA/ST . 295)
QL0066 RGEIITHCASIN(BKB/57.295) !
000057 ‘BC*COS(BKB/574296)
000068 P (RAASTH(DINLT/2.) + (DINLT*COS{ANG2/57.206) /2, 0)+Po)-OR
000069 GTIIRG =5
‘‘‘‘ 0070 GPILeRT(OTH#2+GTx*2)
000071 P >/2.o . ,
100072 SUZATAN(SORT(1,0/(PT/GP) ##2=140))%57.296 ! _
T 00073 TT1ZGT~GAIMA ~ '
0uooTH RAR=PH/COS{TI/S57.256) :
oUB07s RAYZOR4PT=RARXCOS (GAMMA/ST.296) ! o
TTTQ006767 RAXZSUHRAR®SIN(GAMMA/ST7.296) ; /
ououT? ARO=ATAN{RAX/RAY)%57.226 : ' ;
0r007s RPLOCZSORT (RAY* A2 +RAX %% 2) ' ! / .
TTTT0A0T79 T T T T T E ANGSARS (ARO=360./VNS) - iy
00u080 HEIGHZ (RBASEX*2+RLOC**2~2%RBASE*RLOC*COS (FANG/57.295) %%, 5 . /
008081 THICKTRAR=HEIGH=-DINLT=TIN - ; ’
—TToronn2 IF (RAR+RLOC-DIFRC) 770,80 ) :
oooesl 80 1F(BKB=AR0Y70,7C»71 L N
nueos 71 YLX=XL/COS(DELTA/S57,296) o ; .
TTTR0C065 KAPZCOS(GAMMA/ ST 4 295) *XLX
00eCas YAPZRBASTHDINLT+XLX*SIN{GAMMA/ ST, ?95) ;
0u00s7 HOPZGAMAFATAN(XAP/ VAP x57.296 | -
"""" GOu0as T T GAPEZSORT (XARF X2 3 YAP®%2) i
ceoose FUNX= (DIFUC/SAP=COS{HOP/ST.296) ) /SIN(HOP/ET, 296)
CoLayo  PHOZATAN (1. /FUNX)*57,296
TToRoceLTTTTTTTITITTT TRARZSIN( (1804=24 xRHD=HOP) /57, '296) *SAP/STH 3T¥RHG757 296)
procaz AROZATANIXAP/YAP) %57 4296+180= (2 ¢« *RHO+HOP)
000093 RLOC=DIFBC=RAR I
00094 T o TEANGZARS (ARO=360./VNGY T T
000095 HEIGHS (ROASE#*2+RLOC*¥2=24%RBASE*XRLOCKCOS(FANG/574295) ) %% .5 .
000096 THICK=RAR=HE1GH=-DINLT=TIN
TTgope9T T T U0 CYANSSORT (RPAR2+0EAR2 =2, 0xRPAXOE#COS (RKR/57,296))
QU098 XT{OE/CVAN) *SIN{BKB/57.296)
000099 _  XLT=TOUT/(SIN(DELTA/S7.296) /COS(DELTA/57.296))
Toopro0 T T T p2=pELTAZ2.0 A
00101 DHREXLT* (SIN(D2/57.296)/C05(D2/57.296)) -
nceLt2 0Z=0D¥A8S COa(B?A/S? 206)) . :
TTTTeeor0d T T ANDX=THETA-BETA
200108 0V—“7—OH°*CO (ANDX/57+295)
200105 DVZOD#S TN (BKA/ST4295) =DHR*SIN(ANDY/S7. 206‘
00100 T TRDISZSQRT{OVH*2+DV*%2)
200107 DISAZATAN(DV/OV)I*57,296
opoLLs __ADIS=DISA+BETA=~THETA~D2
TToooige T T T T TIF T (X=1.0000F 33,31.32 ! N
060110 33 ANVANSASIN((OE/CVAN) #SIN(BKB/57.296))*574296
oot .60 TO 1l ?
£0o1l2 31 ANVANZO90,0 ;
000113 60 To 11 i
00n11s 32 ANGL=ASIN ((DIS/CVANI*SINIBKB/S7,296))*57.296 i - -
""" CO0LLS T T T ANVANT 180 . = (BKBHANGL) .
000116 11 RO=DIFBC~-DISTH/2.

R ——

arms

S

SR IR

e



r(',u'_)

.:O;?.loh o T DATE 2B APR 7z BAGE 16

__CuoLry RL_@QHSf4DI\LT/2. :
QuULlE STANG 0. =ATAN( ALOG(RO/R1) /BKE*57.296)%57.296
000119 TRACO::IRO~R1) /SIN({90.~STANG) /57.295) +{DISTH+DINLT) /2, e
260120 IF(FLAHE=T7.) 72:72:74

Toun1R21 72 SOLID=((#LOG(RO/RL) ) x*2+(BKB /5742961 %2) % %45/ 350 4 kYNSK57 4296
pug122 GO To.7b
000123 74 soLipi= c-*(RgijN+DLDW)/(TIN+TOUT)

Qroi2n 7S RBMG=I0 . - (GAMMATBETAY /2.

0u0i25% AINZ A:IN(SIN((QCTA+90 Y/57. 2Q6)*RADTH/(DIFBC-DISTH))*S? 296
000126 IF (2K 3=AF0) 85,00,90

0oLt 85 A0S=9L . ~ASIN(RLOC*SIN{(ARDO=DKB)} /57.2968) /RAR)

000128 BUMB=(AOS+AIN) /2,

000129 60 To 31

000130 80 po¥hz(on . *ATN) /2%

000131

000132 - "HICK/TRAC

oLoL33 AW=2, L 159%x (DIFBC*k*2=(RBASE) #%2)

0Uo134 ACRUSZTRACO® (DYISTHHDINLT+4.*THICK) /6.

000L3% AEWZ2 4 % (AW=YNS*ACROSG)

ToL0136 ARS1=BU% (2 ¥ TRACO+3.16159/2* (DINLT+DISTH: +THICK)

000137 ARSAEW/VHNS/ARSY ;
000138 DH=OA % (TIMHTOUT) /4. / (BU+ (TINSTOUT) /2.)

000139 nDEY= (AGIN( RDIS/DIFBC * SIN((90.+ADIS) /7. 2“6)))*37-296 i
000140 BCM5 = 90.~BDEX {
000LHl THEX = 90. - ADIS = BDEIX

000142 DLDE = S IN( THEX/S7.298V#DIFRC/SIN{ (90, +ADIs)/57 294)

o013 TEX5 = (XL+DLDM)/XL*(TQUT—TIN) + TIN
L0014 GO TO 301

TTT0uLus 300 IMESS=1 : .
G00146 301 RETURN
000147 S END

AT

G T Y SN T A T 2

Ty T




; . - o : . SCCCICT (S0+3*T-W3Y)1 31 0¢ . as0000
- ) L - . - ) e TC40C40C (QNITD) ST . .. 850000 .
= . i o L (STA%T2S°96) /UliM*xOHU* LOLHC=WIY £©50000
! ) A €50000
i *% (( (YTWEE)INI §15_;waa)soa-(athda)NIS/(arw 19) SOk THWIHD) *GT*0=ONISd _ ... 2s0000
! e (HLSM+TWAM) #G * 0=UWM 160000
b ] TLM/HLZK = MY 050000
. - : : . (e**xTLN + SwkIWOILHOS = TUM . e BhOB0O._____
ke ' (d**chﬂ\+2**d%3)iLOS “H1zH 840000
B ‘ (((uZSE)NIS/(BZHU)SOD*ZIHo—'I)*d“dWS—'I)*?n HiznH 240000
5 o TWU/ATIRA*TLO=YNIHD e SHUB00
kil ({UTWEGINIS*TEY) /10%T2C*0=TWEM SHGOOO
i 962 LS/ ThAUzUTHAS ©h0000
E __9eReLS/TIOG=YTIEE __ €u0000___
o 9624 LG/ TNAGTHTIWES 2H0G6606
THAEORGLS *=TH4Y TH0000
ONINHAAWINO=LOLND o 0000
. o j SroHSMYL 6£0000
: : 962 LS* (HLIZND/SWIINYLY = 24TV 86000
(Sx%2W + Sx*HLZNOHYLYOS = @0 _ __ _  LTO60C____
2N/HLEND=H11Sd SC000D
32N0%40dTI5=HLEND 92 SE00u0
_Z/86*I~°*T=40d1S_Se___ .. HEQ600
92 C1 09 £€0000
(ISd+* 1)/ 1=40d7S 22000
WS/Z/Z**ZH*WSISd"WSd e TEO000
- (*09/2688+°1)%9°=71516d 67 Gsa000
G24SZ45T (*06-200) 2T 626600
. (4289)S00% (U2BAINIS/2HI=N=380D _ 229600 _
v : | . 962 LG/2HYTHEHY 120000
) 192/0°62=%73d 926000
. : 6°2/dx112=7102 S200U0___
: . - : : *T/Ti0=T4Y #0006
+2,20=2Y4 20000
TRtk e=1ng 220060 _____
; ‘ (N2 T {THE 2THI) T (L1SdvHLTISd) 3DoNIWAING3 726660
; SWOH WG SXILIASQUALZ S AUHL I LSEY 604 WUaY40TABONIS 4 LNT1S NOWRNOD 020000
i . BEIOHY T4 d0CTAOVL3¢OSHS(U2ZS V1305 UZN8Y L3871 NOYIHOD 6TON00____
: BV ONS G4 SASdG 850U LD LU 1G4 DSWNX S HASUX Y OHLS S 4 OHLSS ¢ OHiaH NOWRGD 8T0000
) LOLWOQCQ¢UONX  ~ ¢VTIF4 QAT GAINX I UATHX ¢ GAONX sRe A NONWOD L70000
/ AQVI0 ¢ MBRC 4 YIWO 4HLIWL 405G G150 4130 HYT U BT Y WATY 4 LJOIY NOWWOD ' 610000
: CIHILNIYG I4LcOdINSNIOUGN 18+ LHLV 4 8V HG TSEV 43V ¢ S0UIV 4 33214 SR3EE ST0000
CHWEHITITIOS ODVULOAY LS ODIHL D IHL4SIUY STAQY DY I0¢ GHEONVANVET H©710000
SNVAD D018 UVE OUY ¢ YWV 9 ¢ VITHG ¢ Qa4 YHY IV Y HLOVY ¢ VIEHL ¢ (G6) SNaVYT CT0000_
FGAGTIXALNOL A NILYHISTQVLINIGAQZ ¢ hTd8 ¢ VLIE v XIE N 18 RORKOD 216600
QU= IISd dIISc4SdldQ e BISd 2N YMM¢OOVTII!SIAOYIS MOWKGCD 110000
BSVON‘ZIHG OIS SNX ¢SO LT1HI ¢ TLNINIIEEIHA 4 CBIH T2 THI ! THAUK _NOVIACD 010060 ______
UMY EHST LTS THVIS Cn HHA NN THA Y LOLH HSANH  THO 4 CHY I NX ¢ M 1.0WWOD 00000
dNIGO¢ISXYQIHERIZNGZ Q7482 ¢TZI02424CBN4TLIEYITAZASII4TLC KWOWKOD $00000
42RO HAOISA IO NI g CdY I dd LOLHUY g IHQ Y SHA HHQ Y chG cHT 1 0LE L00005
05 4GT0S 4 HTI0SETI05¢210S 4 T10S eV 4 eH I LOLHL 4 L0LID ¢ dWIHL 4 GWI 32 $000060
‘SHHL‘5813‘SLH YCOHL4ZOHIITOHLIGLTIDEDTD42DT041D7104C 088208810384 T §06000
ONIdG TEY 4TV TH T34 ONIHG4 Z4ONIHL*ONIID TWEG DY MY H Y T THAO NOWWOD H#000n0
(U UX 4 (8)HIX 4 (§)ZX* (8)AX . NOWNGD €00000
. . : GIkaX w3y 1200000
v TEL L N i SS0TI_3NILNOMaNS 100000
LIARE Y] ' : L ' LI ’
n0TES _“Lgh0TL*T455001 113 U
] ‘ ¢ : ! (!
UOTl*vnr,c(»c RERl

K LT JoVd B4 ddV¥ o ye dJLva




S . *0=14 2 911600 :
- : ) - — ¢ 0L 09 SIINN0____
- - i . Tk (THHARGT =A) = T=Id T (71060
! : 24247 (*2~A) 41 CIINGO
: . ; Ce e e (HLSO%°2) /10xYy13G=A 211000
i3 : ’ . E ((ﬂ*;Hd)/MTBG*(V)SOD*LdID*AA)LUDS*ZL =445 ITI000
3 . - ' ¥2EE-BULSG TV 0710600
OHY/SIA*BLT*2E=TA ef1o0n___
C2T/dWIND=1d10 807000
*g1/20G=1U LGT000
2§/et=ya8, - 90I605 ___
230/7905=4730 .- §0700C 2
3NNILMOD 0Gh 201000 N
0L# CL 09 _eoTngy B
*0=125 201600
~o=¥13a . 167000 &
- *0=3130 _ 001000 __ &
. : 0=155d teh ' 663000
(/¢+Q30N0UHS SI UIVIZdWIWKG/)LViU0S 02h 865000
(N2H4CHISLINN 6Ch__  L60ON0_
6EHIT2H IS (INTYd)Y 4T Oun 960000
oSt 01 09 . . 660000
Z**ZG*ELOTTOOO 0+20*G608000°0+3020T0°0=10S_0¢Hh _HAJ000
0SH 40k 40Eh (125131 0Th €600600
CTH¢OhB40TH (*C~SVT3) 51 60N 266000
600 0nN60h (*I-9vT3) 41 160000
LY 2 /2Nl 11H
dILSd+QSu+dS(%Jnijd—‘aISd
. GICSdrdIasd=0Sd ; ! .
CHrdWId+00*6=d105d . 280600
SH&(ZANBHETHA) ¥XSRUL=dI1Sd Oh SEC0N0
2 0**UNIJA¥C0°0=01G0Sd SPQGD0__
' . QI3Sd+dl48d=45d 485006
’ 2**2”/L147ﬂ“ﬂLT ZP:OIde £e0000

a12713 2850090

i , (C\IthebQ"bZ)/v**thP4”“,73*GN& =QI47H €6 THOU00
B i : . Z**(ﬁL T+ (OSWAX%*2 1 /GNIHQ) 2CIV48G8383°0)/*T = CGNIYd 2Zh GGC0GO
¢ / . <h 0L 09 640000
i ) : f : : LT v ORI S TE 2 57 S C06  0=aNTE4 Th 8206600
: o : 2héThelh (GO+3°T ~ GNI3YYAL LLOG0C
/ . : {SIA*ZES*98) /ZONTHxOHYAONTHO:GNT 3Y ' eLens00_

(S i (GImaN+ 1Y #HTALEINIS/ (U TREE ) NISHTHEMATGN IR SLG0OG
CxxeN/dIidHxtLT*2

dlzGd hLG000

I I

: t THABHN /AT ATHAEHE CLOOBG,
: ‘ (GWIHG/SC * 0RdWT TIDkdN L 5) #CL " h9/SH il 2L0005
; ZHk (hL* T+ ({OSWHY* ) /dRIHG) 9CTIV*E5UGB6) /1 = Witld 8¢ . TL0CO0
3 B : e BE0L 9 pionoe
: LEE UwsanISU/TE2 0+EECt "0 daryd L¢ 6CG6000
s _ o : 'i BEILECLE (SO+3*T~dn ) al 890090
(SIA*2TS*96 ) /S TaM*OHU* di I K L306G00__
; T - - v . (HL2M+(HIhbh*GIwaY)NIS/(EIn&&)NLS*I G #50GC 996000
: T P . 047 0L 09 65008
é . . ., . ! { . HO5000
: 263600
; 290000
] _‘__:'135_9727:9/ CEaYRN i 1¢6000___
{ o : (LOLHG#* 1) /LOL7 D0 37 90630
H : - 2a%(hL® r+(( OSWHA* 2} /LOLHA) S0TTVx65H98401 /T = wud ¢ 650000
i A o 9¢ 0L PO _8S0000_
: N - LES0wanzEE/Tee 0+ con'o (ENA TLG0030
*

i Tt




. ST o b s R i TR O R x
: A,,l: s 12100, . : NATE 2o aAvR 70 ALY 10
§ _..ooonxz o 36= pHI"P°1T/(SIG*COS(A)) .
% buolie’ TDELEZINELR*GH ke SA (Lo (COS TR Y w2/ GAF T I *% 1, S/(BDR*COS(A))
000119 : PSCLEUM, 5 74ADELEAHTH/UZR*2 | : AT .
000120 PSIILEPSIBL+PSCL : :
""" 000121 T e ConT e T
ok orgLa2 " IF(PRINTY 50¢50+60
000123 60 WRITE(3r12) SCLPSINC:CU2TH
TTTTguotes T T U T T T WRITE (3 30) TDELEWPSFC2
000125 WRITE(3,16) DELK:PSDsALP2
000126 WRITE(3,18) DELR»PSTIP,FRIMP
TTToeni27 T T T T T RRITENS 2 V2TH'PS(L
o c00128 : WRITE(3,22) RWrPSIBL
uo129 : WRITE(3,10) SLPCF'P‘7T4 .
pLoide~T T T T TWRITE(3:24) HTH . i !
0U013L : 10 FORMAT(SX s THSLPCF =93XsF1044,204X» 7THPSITH =9 3XeF10.4/)
000132 12 FORMAT(/SX»7HSCL  2¢3XrF1043228Xs THPSING =e3XrF1044
TTTTOO0L33 T T L a4 X THCU2TH = 3XPFLOL 3
000134 14 FORMAT(SX» THDELE =.3X»F1043,24XeTHPSF =9 3XrF10.44,
000135 124X, 714C2 =r3XrF1043) N
001367 16 FORMAT (5%s 7THDELK =0 3XsFI0. 3, 24X, 7THPSD Zr3X1F1044y : : . S /.
000137 R 124X» THALP2  =+3XsF10.3) !
000138 18 FORMAT (5XsTHDELR =»3X+F10. 3.2ux.7H°§TIP =y 3XAF 0.0y
A TTTT0001397 T T T 24 X THFRIMP T2 3X,F 10, 3) : . i
By 000140 20 FORMAT(SX»7HW2TH =»3XeF10.3,20% s 7THPSCL =r3XrF10.4) i
: 00014t 22 FORMAT(SX» THRY =)3XeF1043024X, THPSTBL =9 3XeF1044) . /
TR T T PUTFORMAT (BX FHHTH © =7 3X»F10.37 .
£00143 50 RETURN .
300144 END . ] .
5 £
3 IS
B i
= [
a5
| .
4) . |
3 i
g?} .
kS




e e e S b B e

S e b A S SR et b
: NATE 28 APR T PAL >0
I R UELT IMGEOYINTI0682Y, E3l09T
» - -
f TTpoe00x SUBRGUT TNE THGED
000002 . REAL KOMIDPKP1eKP21KP3rKPY
0000903, COMMON XK(8) rXZ(3)» XFR{B) 1 XR(B)
000008 : COMMON DHLPRMLrHIRAY RC:,BMlpCLIND'THYMD-ZLpDHINOvBLKlrAl’ABlyﬂPIMO
$00005 1,BEC1BBC2/83C3 CLCLICLC2,CLE3PCLTSPTHCL» THC2, THC 39 THTS» CLRS » THRS
£ 0OLo%s __ .. L 2CLIMPITHINMP.CLTOY » THTOTBLK2,A2rS0LL1eSOLP30L3SOLU,SOLS,SOLIPSOL
4 00007 3TOOHA Y DHIrOHY »DHE P DHIMP DHTOT +RP2PRP3PRPH 1 SMe QT+ SIS DRCM2SCL
R 000008 COMMON DT1rEPS»D2eB2rBBTLiBE2,ZrZ0021¢22+ 23128 ¢NZyK3NIDXST,NPIMD :
000009 COMMOM WP s XN RHO» QKT s HNPSH P HTO T PHIVMN s VHKM » ETAHT ¢ PSITH ESHR #RWR 4
000010 COMMON YKPH1,PHIZL »PHI22,PHI2Z/ CM1 e Ty PHTLT,S»XNSPSI0»PHIZ I NCASE 5
00en1l COMMON FLAG,VIS»FLACO»WWR,U2,PSIRL»DPIPS,PEIIPsPSIINIFRD :
poceL2 COMMON 24 e RLIREXeR41BETAPBFLE 20 DINLT DISTH TINS TOUT XL VS, :
TTouReL3 lhADU;(?b‘vTHrTA RADTRYALPHA Y RAD FBELTAS GAMIA T ARO Y RAR Y RLOC » CY AN
EN Couoly SANVAN  BKErDIFBC,RDIS P ADIS» THICK » THIZO»STAMS, TRACO» SOLID rREMY,
i __00y015 __38BNS,FEE»ACROS»AEWr ABS1 DHI AR/ ATHT yRT¢NOGOI (NSKIP,O?TFIPRINT2FI2
1000016, COMMONM RIOPT,RIDBNM,RIBLsRIBH,DEL,PFLS,DEQRUTH, OMPIRr ONEW NMOV ;
00UBLY COMMON Vi oty XKDVD e XK1VD» XKFVDWEVIsFLAY  XKOD#De GDsOMTOT g
000018 COMMON RPHG ¢ SSTHE  FSTHS s XKSES e XKMECNHINT» ST DPSSCIDPSFS s DPSMC 1 C3L 3
TTTU05019 COMMON RLBET»RLZD»SEETA,SZD1PSHSG 1 ETAOV»LODP »FLAHG 139 . i 4
0U0020 COMMON CLUT»FINC,BELOrRBRMrD91RABT THRV»ZRY1RDSVeTEXS ¢DLDM»PCMS ’ . :
i 0oo021 DH1ZEPS#DT1 . C
: o022 DIMIZSORT (0. 5% (DTI**B¥0OHIx*27)
Ea ooLn23a RM1=045%0DM1 . :
3 0uLo2Y HZ0.5%(DT1-DH1) . : L .
2 TTTTo0g0es RAZ0.75x (H¥E2)
9 000026 RC=RML+RA
% ooqﬂ27 ) ¥S1=pT1/02
$ Tounne R2Z02%0.5H
R 10 IF{R2=RC) 10,105,112 - . .
i £0e930 10 RA=R2~RM1 : . : : i
TTTToeu0ay RC=R2 T
Juu0s2 IF(PRINT) 11,11,13
000033 13 wRITE(3,500)
TTTeuousy T T St ATUSY Y YRCZ EQUALS R2'/)
135 11 RC220.134FRA+RML
206U036 RPC3=043565%RA+RC2
TTTOG003T BBTIA=BHTI/S57.296
000e3e BRMIZATAN(DT1/DML*SIN{3BTIR) /COS(BBTIR) I*57.296
040039 BEMIR=BOMLI/ST 295 N
cuyons TEMPZUB2/88M1/K8MID .
000041 CKLSTEMPx#,05-TEMP+1.4 ‘ ' 3
000042 TEMPZO82/ (KBYMID*RAML) : :
TTTOo0u0s3 CKEZ1a+(TEMP2Xx1.05=TEMD) /6. :
000044 CK3zZ1e+(TEMPA*1.05-TEM>) /10,
000085 TEMPZKBMID#BAML
000046 TMP2=BR2=TEMP
000047 BRCLz=TEMP+CKL/64 % TMP2 4
crooHs BBC2=TEMP+CK2/2, %xTHP2
guecs9 RBC3=TEMP+5.%CK3/ 6+ TMP2 N |3
000050 " BB2R=BB2/57.296
000051 BEC1R=1BC1/57.296
000052 BBC2R=BBC2/57.295
00U0S3 BEC3R=EC3/57.296 ) 4
000054 CLIND=3.14159/70%DM1%S0L L = &
000055 CLCOZBHMIR*0.5% (1 +KBAMID) - :
000056 THINDZ3604/Z0%S0L1#C0S (CLCB) &



sk

! s e o R S S e

0 weleton 77700 : DATE 28 APR T2 PAS 21
L LLEY o : KSOLIXSIN(CLCSY: : -
00058 2 IRC2=RM1)/(0+259*SIN(BBCIRY)
030059 222 {RE3-RC2) /(0. 70T*SIN(BSC2R)) ) : s a .
600060 CLCS3(RC~RC3) /(0. 965+SIN(BBCIR) )
TTTRagee T T T T T el T3 LC 14 CLE2ACLED
Gn9Ce2 THC 125372964 (ALOG (RC2) =ALOG(AM1) )/ (0.259%GIN(BBCIR) /COS(RBCIR))
. GouUCH3 .?qu*(ALOG(RCu)-ALO (RC2))/(0.707*5IN(BAC2R) /COS(BBC2R))
[ I DRI 2964 {ALOG(RCY=ALOG(RE3) ) /(0.965%51 N(Bscsn)/cos<anc3?>) i
> CD006S THr,~rHc1+|H 2+THC3 i
E CNa0s6 REZ{UP-RCI/SINIBB2RY . ol S A : i
""" GueesT T o T ; 57.296*(ALOG(R2)-ALOG(RC))/(SIN(BBZR?/COS(BBZR)) ' : . i
(00068 CLIMP=CLYS+CLRS ' ' ’ T s ;
000069 ) THIMP=THTS+THRS
TTTTTCC00 T T T T T T e TOT=ECLIMPHCLIND : e : i . B
Ca0u7L . THTOT=THIMP+THIND : o ' ’ L
(20072 CIF(Z0Y 2020021 : : T . : B
TTTTENQ073 T TTTTTTTTTTTTT20 " zMm 2y B = i . : L ' : &
o074 } GC To 22 : : ) . . : : .
: CNee7s 21 zX=22 s P ' : _ : ;
G0 TTTTewuoTe T T 22 plk 1. 025%2X/ (RMIRSIN(BRMIR) ] -
b Caou77 ALZ0,7833975% (DT 1x2-DH1A%2)
0N0u78 ABL=Al*(1.-BLKL) : : , :
TTeue07e T T T T T T TM126 428318 ¥RM1/ 2X N i !
0600030 IFLZ0) 23.23,24 : e ’ ! %
onsoel 23 soL1=0 ' ‘ i
TTUGO0gs2 T T T ppINg=0T T
300083 DHIND=0 . b
000084 THIND=0 : . . :
TTTTQUQO0SS T T T T e LINg=0T T T i ' ’
200036 60 T0 25
NUG0AT7 ey DH-MD-(1.-BLK1>*TN‘*SIN(CLCB)*H/(Z-*((1.-PLK1)*TVI*QIM(CLCB)+H)) .
U088 T T T T U D ING =L =S IN (BAMIR)Y /S IN (KBMIDFEBMIR )+ TCOS (HBMID*BEMIR) /SIN(KBMID# :
000089 1BBMIR) ~COS (BRMIR) /SINIBBMIR) ) «SIN(BEMIR) /(2. x50L 1) v
0000690 : DPIND=DIND R .
TTTO0Q0SL T T2 2=z :
gupoe? A2T(1.-BLK2) %#3.14159+D2432 ) .
060093 RBDzZR2/D2 : . : ' ok
& 7000034 IF(MZ=2) 30731932 AR . ' , . :
: 203095 . 30 NMZ=SORTI0.5x{R2#*2+RM1%%2)) . .
g 260096 SOLIPZCLIMP*Z/(5.263184RM2)
p 60097 _ SOLTO=SOLL+S0LIP
] 0Cs098 PUCLI=SORT (0. 5% (RM1%K2+RC2%x%2) )
: 000099 RMC2=SART (0. 5% (RC2* #24RCIx%2) ) -
K TTTTe0g100 E RMCI=SORT(0. 5% {RCI* x2+RCH%2) ) L i
iy gooior 7  TMCLz=A.208318%RMCL/Z4SIN(BACIR)I=0,157 - -
¢ 000102 L TMC226.2R3184RMC2/Z¢SIN(RRC2R)I~0.157
W 000103 i TMC3=6.28318*RMC3/Z«SIN(BBC3R)I=0,157 '
200104 RMRSZSQRT (04 5% (RCH*x24+RC2%%2) ) B .
000105 ' THMRSZ6.208318*RMRS/2Z+SIN(BR2RY~0.157 . r
TG00105 : HiAC 1=R2%32/RC+(RC-RIAC L) ¥ (H~82#R2/RC) 7 (RC=FM1)
000107 HMC2=R2432/RC+ (RC=RMCR) # (H=B2%#R2/PC) / (RC=FM1) ;
200108 HMC3=R24R2/RC+ (RC~RMC3) * (H-B2*R2/RC) / (RC=PML} : ; ;
TToo01p9 HVRS B2+ (R2~QMRS) * (32%R2/RC~B2)/ (P2-RC) ; a
000110 DHIMPZO 5% (CLOI*THMCLSHMCL/ {THCL4HMC L) +CLO2XTMC2XHMC2/ (TMC2+HMC2) + i : )
___osoi1y . 1C'C3*T”C3*HP'1/(TMC5*WVC3)+CLRS*TVPS*H”RS/(TV?5+HMR€))/CLIVP
0001*2 . OHTOT=(CLIMP*OHIMP+CLIND*DHIND) /CLTOT :
0nd1L3. SMECLCLARMCL#STH (RBL1R) +CLC2¥RMCA*SIN (ABCIR) 4CLEI*RMCI*SIN(BACIR) + |
coully 1CLRS#RMRS*SIN(RB2R) 3 I . i -
G4 TTTTuoo1ls GO TO 999 . - a o i i
N 0UnL16 31 KP1=0.5 . : o '




B

000176

SOLIP=SOL2+50L3

o poouT
000118 =
000119 CLP2=KD2RCLINP
000120 GO_TO'4C] ) -
o012 32 IF(NZE3) (33933934
0001 ?2 33 zow:z,*(zo+21)+22+z
puoL23 » 333 —
''''' ousLay -
060125 KP3= K”l .
___abpi26_ ___CLP1=«(PLACLIMP
TTTToooin ! Cl.F2=CLP1 ;
ounizs CcLP3=2LPY
__0u0129 L 60 TOo 40
T0u0n130 34 1F(NZ~4) 35,35,999
000131 35 ZONz3.4(20+4Z21)+2,%Z2+2342
000132 . KP1=0.25
000133 KPZ=gP1
060134 KP3zKPL
000135 KPuazxPL
000136 , T CLPLZKP1xCLIMP
000137 ClP2=CLPY
000128 . CLP3=CLPL
TTToupize T cLPL=CLPL
000140 49 IF(CLP1~-CLCL) H1,.u81,42
goulsl 41 DLCl1=CLC1-CLP}
T gteine2 RP22RC2~0,2594%SIN(BBCIRYI*DLC11
QUOLLS G0 To 50
__GeoIs4 82 IF(CLPL-CLC1-CLC2) _43¢43,44
CuoLss 43 pLC21=CLCl+CLCc2-CLPY
000146 RP22RC3=0.TOT*SIN(BBC2R) *DLLC2Y ) : .
000147 GO TO 50 o : S
TTuoss ““““ﬁd”1F<CLP:—CLTS) 45,045,456 . R
0oH1H9 45 DLC31=CLTS=CLPL . Co
60150 RP2=RC~0.96545TN(BBC3R) xDLC3L
goulsL” 60 To 5007 T
000152 46 DLRIZCLIMP=CLPL
BUGLS3 RP2zR7=SIN{BR2R) *DLRY
TTogugissT T T T T TR0 QmaL'”RT(U-J*(le**°+R°?**2))
000155 SOL2zCLP1%{(Z0+21)/(6.,28318%RM2)
059156 HM22ZR2¥B2/RC+(RC=RM2) * (H- BZ*RZ/RC)/(RC-RVI)
000157 IF(CLPL-CLCYLY 60+60,61
060158 " 60 SNBM2=SIN(BBCIR)
____0DO1S9 — _GO0_TO 70 _ .
004150 61 1F(CLP1=CLC1-CLC2) 62+62¢63
0092161 62 SNJVZ—(C'CL*SIV(PBC1R)+(CLC2-DLC21)*SIV(BRC2R))/CLPL '
00sieR GO0 TO 7V
Jug163 63 IF(CLP1-CLTS) 64r68:65
300164 64 SNEM2=(CLS *SIN(BPCIR)+CLC2*SIN(BRC2P)+(CLC3-DLC3;)*SIN(QBC3P))/C
2900165 Py
0001656 G0 Te 70 :
000167 65 SNB”?'(C'Cl*SIM(BGClR)+CLC2*SIN(BRf2P)+CLF3*SIN(DBC3R)+(PLPS-DLR1)
Coeles _13SIN(BAB2R) I /CLPL i
0uB169 70 TH2=6.28318%RM2/(Z0+21)%*SNBM2~0,4157 i
60170 DH2=TM2%HM2%0 s 5/ (TMR4+HY2) ;
000171 IF(NZ=3) 75176176 :
pupL72 75 PM’:SGRT(O-J*(PPZV*°+n?**?))
oUUL73 HM3ZB2+ (R2~RM3) x (R24R2/RC=B2) / (R2~RC)
guoL74 SOL3:CLP2*Z/(6.28318#RM3)
TTTToun17s SOLTO=SOLL+S0L2+50L3




¥

:

2N

_.Bool??
Cuul79
0c0180

"""" TouoisrTTTTT T

TTnuuivs

000lia2 .
€G0183

BT

S0p185
000186
TTTTGuu1a7 "
000128
geeisg

TToogree” T

000191
geero2

TTTO00193TTTT

grolon
QUUL?S
Tounlne
009197
nocies

000199

000200
000201

o0u202

002203
oue204

Teucz0s T

oon206
000207

T guez208
gugzne
0ue2Lo
TTeooell
oup2li2
Q00213

NS T

000215
- Qo216

Touu2L7 T

oncals
0dg21¢

TTong2ze T

gug221
tuoa2z2

o223 T

0nc224
000225

Tongzze

ugez27
gounz2s
0uv230
00u231
TTous232
000233
009234

TTTU000235 7T

000236

ouuzeg T T

‘

T80

e g

82

T8y
34

85
90

(R I kb

SEEREEUIRYS S A T ‘ C DATE 2
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13R)+ (CLRS~DLR2)*SIN(BB2R) ) /CLP2
GO TO 130

1F(clci+CcLC2-CLrP1Y 121 1217122
FORMAT (/710X tLC1+LC2-LP1 IS ZERO OR NEGATIVE: NZ=3*.//)
WRITE(3,300) N

GO T0 9299 : .
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000056 16 SPIRAL ANGLEs SELECTED, SBETA',2X+F10.3r2Xs'DEG?) d ) e




ol

DATE 28 APR 72

R TRV

eatesT

.'U‘q,'x )r;,r‘l)”
I
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2UueTY IRSING VANE DISCHARGE DIA» DO, 8X,F10.302%Xs tIN')
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600104 WRITE(3,12) HTOTRL
000105 WRITE(Z+14) XN#REX ;
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000107 WRITE(3+18) QKI,RLZD .
000108 . WRITE(3,20) XKQD»rXKMSC X ]

TTTe00109 T T WRITE(3.21)  XKPHL i i -
000110 WRITE(3,22) RHO . i
ovorly o WRITE(3:24) VIS ! N
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euoLL3 WRITE(3:28) SOL1,SBETA : -
000114 WRITE(3,30) PHIMMISZD . e
000118 o THRITE(3032) VHKM o
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E oooris - WRITE3:38) Z+FLA . ' -
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: 000130 WRITE(3,77) CLUT R o B
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000002 | DIMENSTON X(9)eY (D) XC{H)rYCL) 61205005
000003 EQUIVALENCE (XC(1)s %1)'(xc(2).xz)q(xc(3).<3)'(xccu).xu).(thl)'Yl)sizosooe
‘““”ooooou'"”"”’”""“““'1.(Y”<2).Y2>»(VC(3>'Ya);(YC(u).Yu> 61205007
900205 NAZL :
0Con0s Jg=2 61205009
cococ? pz=xX1" 61205010
0600¢8 21 7F(X(’))26'22'26 61205011
200009 26 GO TOU(30,40) MNA o
TTORL0L0TTTTT T T T T 22 IR (Y () ) 260 23526 61205013
200011 23 IF(U=2)24,24:25 61205014
000012 24 YE=0,0 : 61205015
000043 T TG0 T0 507 61205016
N0001s 25 MB=L .
603015 _Jmu=t 61205018 .
Touoole T T 2T XAEK(D) 61205019 !
ouQoLY X2=X(J=1) 61205020
g00618 32X (J=2) 61205021
T 0u0019 Yizy(J) 61205022
000020 2=y (J=1) 61205023
000021 Y3=Y (J=-2) 61205024
o002 60 TO(32742)+NB o
000023 30 IF(X(JI=B) 2993737 61205026
gunoaL 37 IF(J=-2)31,31,28 61205027
U002 T 28T T NAR2 T
000025 29 J=Jd+1t 61205029
000027 ' 60 710 21 £1205030 -
TTTOUCNR3TTTTTTTTTTTTT 3T D0 607U 61205031
000029 XC(J)'((J) 61205032
000030 50 YC(N=EY(D) 61205033
TTTTQLOOILT T 327 T paXa s 61205030
000032 AlzB-X1 61203035
00Y033 A2=3=X2 61205036
TTTOUUC3L YESAL¥A2/ 2 O7DF Y 3=V 2T 7TXE-X2T= (Y2~ Yi)/D)-AZ/D*Y1+A1/o*Y2 61205037
QU0035 60 TO 50 61205038
C0o0036 40  NB=2 R
0000377 T T 60 T0 27 61285040
000038 42 X4SX(J=3) 61205041
060039 YuzY (J=3) 61205042
000040 p=X3-X2 61205043
000041 ALZB~X2 61205048
ceocy2  AZEEeX3 61205045
TTogvuss T T xMiz=(Y2=Y1i/(X2-X1) 61205046
gooony XM25=(Y3=~Y2) /D 61205047
000045 MGz (Y 4=Y3) / (XtmX3) 61205048 -
TTTOU0045 CYEZALRAZNR2/ 240/ DRAIK (RMIB=XME 3T FABKALARE/ 2 07 DR 2% (XMSH=XME3 I =A2%61205049
QU7 1Y2/D+A1%Y3/D 61205050 -
000048 50  YO=YE 61205051 - R
060049 RETURN 61205052 R
000050 END 61205053
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[ Jeet5 Y(10)=.05 i
DL X{:13=2.5 ;
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ousile U RIOPT»RICMRIBLARIBHDELBFLSDEQ AATH » OMPR Y DMEW » OMOV ; :
000517 NV M, XKOVD » XKLVDr AKFYD S EVD s FLAY YKQD»Qr ODr OMTOT o :
__0D000Ls 4 RPHG »SSTHG e FSTHG ¢ XKSES # XKMSC 1 DB INT 1 CT70NPSSCIPSES DPSMC O34 : :
ToU0019 g RLBETPRUZD+SBETA»SZDrPSHSGETANY 1 LOOP »FLAHG RO . i b
00020 covm CLUT,FINCBELOr2BRMDI»RAE7, THRY» ZRY/RDSVe TEXS ¢+DLDHM,BCMS ! £
000021 1 FORVATfarlo 0y ) _ 5
TToesez2 T T TTTTTTUREAD (2 LY XK X2 e XFR VKR b
OU?oas 400 cALL INPUT ) . . {
005024 NCASEZ0 - : .
T ounoas” NEX=0 : ‘
000026 MTEST=0 . ' . . &
enoo27 K=0 ) : .
TTouenza ’ MNOGO=0 :
00029 IF(WP) 401,500,401
C0us20 -401 CALL SIZEL
Tengosy T TIF(NOG0) 4CE 404,405 :
5 £U3032 405 WRITE(3,406) £
¥ 0U0033 406 FORMAT(//////5Xs " INPUT VALUE OF BB2 NOT AC”EP'ABLr'.////) i
R T T a— - GO TO 407 £
2 209033 404 I= 3
0ponIs F(PHIZl) _280+280,279
: 00U037 279 OPTF1=0 3
ey oUL038 225 IF(MCASE=1) 226:228,230 ) . - b
’ 0UC039 226 PHI2=PHIR2Y N i
; cuousQ NCASE=L ' '
& 0uL0sY : GO T0 280 5
Ju0042 228 JE(PHI22) 400,400,232 £
Teouowd T 232 pHI2=PHIR2
cUYoLY NCAGE=2
009045 GO TO 280
Q00046 : 230 IF(NCASE=2) 228'231,u00,
200047 221 IF(PHI23), 400,500,238
0oooue 234 PHI2=PHI23 : :
000049 TNCASEE3 ) ) . : . R
800050 280 PRINT=0
. 000051 289 1LOOP=0
T Toonos2 NSKIP=0
©QUUDS3 1IF(I~-10) 300:300,295 . : .
000054 295 vRITE(3,296) : T - - ok
‘ TTToonoss T T 296 FORMAT(////5Xs 'FLOW COEFFICIENT OPTIVIZATIONr LIMIT OF ITERATIONS ] | ] - 3
b QU0e56 1EXCEEDED ") : -
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TTTooveose 200 CAL. SAFE
0060059 CALL. TMGZO0 . - , . n
00UGUB0 IF(PRINT) 15371539151
nuoooel 151 CALL UNSWR,
000062 153 CALLL "LOSS
900063 CALL JFRBV -
TTTTouC 00k . IFCTLAG=14) 130,300130
000065 130 IS(FLAG~3.) 35+30+35
0u0I66 3B wWRT. )

TOnuesT T T 60 T 31 7 ‘ .
000058 30 CALL CLAR K :
QUC059 31 IF(FLAHG=34) 33233032 !

TTTguoo70 T T3y Mul ! : :
co0u7L . 62 TO 301 {
¢noe7R 32 DISTHn2.+DINLT : B

TS T T T e THERPS T THRY2 B
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TTubeise GO TO 400 g a
one110 4 CONTINUE i \ "!
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1 300177 £15 PRINTSL. ;
i . I S %
B 17(LA0R=3) 217+218+218 . PN . :
4 LOOP=LO0P+1

: 60 1o 200 7

: IF{NCASE) 400+400,225 - : :
,3 1=141 o o ] ' : R . ot
i 0ZD(11=SZD. .

; OPETATIIZSBETA :

i OZTA (1) =ETADY : - . : e

] CovmIztIy=piHre T ‘ - i .

IFGATIST) 305,305,360 | : : : :
IF{I=1) 307,307,310 : —
PHIZZPHIZ+0.C05
FORMAT (/5X s 'ROUTE 307°7)
WRITE(375)

"GO0 TO 290

; IF(I=2) 312,312,314

4 > IF(OETA(I}=OETA(I=1)) 315,318320 " e

1 .

~ K=l : :

y GO To 307 _ ‘ , i

i PHIZ=0.54 (0PHI2(1)40PHI2(1~1)) . ) e

! MEX=L : : ;

‘ FORMAT(/5Xs tROUTE 3187/} :
CWRITE(3e6) : o

i 60 TO 290 . . e - B

KEEPZT g } {

LEAVE=I=-Y : - e e e e e e e
KEEPZLEAVE ’

' LEAVEZKERR o . )
4 OCTA(KEEP)=0ETA(LEAVE) . o _ ’
i T ORETA(KELP ) =OBETA (LEAVE) . R ’
: CETA(LEAVE) SOETA(KEEP) . ‘ ;
; CRETA(LEAVE) ZORETA(KEEP). _ . . e e e
4 07D (KESP)=0ZD (LEAVE)
: 0ZD{LEAVEY=0ZD (KEEP) .
i OPHIZIKEEP)ZOPHI2(LEAVEY : _ - _— e
! T OPHI2(LEAVE)=ZOPHI2(KEEPY ’ ' : .
3 OETALKEEP)ZORTA(LEAVE)
3 CETA(LEAVE)ZOETA(KEERPY i . — - - -
i PHI2=PHIZ2-0.010 - : :
FORMAT(/SX» *ROUTE 315'/)
WRITE(3,7) e
G0 To 290 . ,
IF(OETA(I)~0ETA(I=~1)) 322,318,324 ' '
IF(ARSIOZTA(I) =0ETA(I~2)) -0, 001)346.x?a.3?a N
PHIZ=OPHI2(1-1) ' i . . '
SZD=CZD(I-1)
SHETAZOBETA(I~1)
MEXZY i
FORMAT (/5X» YROUTE 326'/) :
CWRITE(3.8)
! G0 TO 289 a
- IF{OETA(T}~0ETACI=2)) 330+326+332 : :
; PHI2Z0.5x (OPHI2(1~ ~1)+0PHIZ2(I=2))
1
1 G0 TO 290 -
i PHI220.5% (OPHI2(I)+OPHI2(I~1))




s i i oot

VNN
GanRuz

IS T O]

“TESTEL

T ECR U/ SY P PROUTE 332770
‘1?(; £43,10)
G0 Jo 290

Eéﬁ”xﬁ<“. 324,334+ 307
PHI2~0.005
AT {/5X 1 TROUTE 334°1/)

TTeRIvE T3S 1LY
G'J O 280
380 IF{IETA(I)-0ETALI=-2)) 342:5#4-&46

42 PHIR JQHIP(T—Z)
ST I~2)
S?.»M‘C“LTA(I -2)

MEXZL .
12 F2 R”hl(/SX"ROUTL Jugr/}
_WRITE(3,12)

60 TO 289
344 PHIZ:O.S*’OPHIZ(I)+OPHIZ(I-2))
NEX

LT IS’row~a+()5%7V§bUTE 3u4t/)
‘A‘I\YYr(J'lJ)
G0 TG 290

T 346 pHI2=0PHIRZ(T)
§2D=07ZD (1)
SOETATCBETALI

NEX=1
14 FORMAT(/5X» *ROUTE 3@6'/)
CWRITE(3.14)

760 TO 289
290 SRETA=0
60 TO 289

T5007sTCP
END
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TTS0000L "SUBFOUTINE QUTPI{ND
000002 COMMON XK (8Y 1 XZ{BYsXFR(8)»XR(8)
ﬂ”waou coMMGil DleRV1-H'RAvRCr%?MlvCLINFgTHINDr7L;DHIND»BLK1:AloABl'DPXND
T Lgugu'*“"*‘”""“““"“' Y BBCAPEBC2P B3, CLC L CLCR2P CLES e CLTS THC 1 THC2 9 THC 3 THTS» CLRS e THRS,

2Ll s THIMP ) CLTOT THTOT s BLK2 A2, SOLLFSOL2,SOL3rSOLL» SOLS»SOLIPPSOL
STC-0M2 e D13 DHEY» DHS P DHIMP, DHTOT P RP2 1 AP3 RPUISMr QT r SIHDRICM2.SCL

coMMonM DTlr:PSnDard2'83Tl1882vZrZOrerZ?iZ3rZHrNZvK7MID!XSIvDPIMP
COMMON VR e XN RHO QK Iy HAPSHr HTOT r PHIUN s VHKM s ETAHI S PSITH ESHR P RUWR
COMMON XKPH1,PHIZ1+PHIZ2,PHIZ3+ L1 sUTLsPHTI LT, SsXNS» 2810 PHIZINCASE

TTTCOMMON FLAG VLSvFLA(O'"?'UZvPbIRLr?”IPSr SITPsPSIINIFRD
COMMON Bl rRLIREX,REVBETASRFLL, 2D, DINLTDISTH LTINS TOUT» XLW V5
lvﬂDUS\OJ) P THETAPRADTH» ALPHARAD P NELTA» GAMMA L ARO,RAR Y RLOC CVAUr

2 ANVANBKB.DI ZK’Q'RDfSH\["r 7Tﬁ1c*’TPICOVSTAVG'TQACO'JOLIDPB?M“P
3¢ quyFr:rACIO:'AFWrnB LeDHPARPATHT »RIPNOGI P NSKIPOPTFIPPRINTFI2
RIOPT RIBMYRIB ILPRIBHDEL»AFLS:DEQr RUTHY OMPR P OMEYW e OMOV_

Vhoeidr XKDVD p XKIVD o XKFYD S EVDI FLA YKRD 0D rOD P OMTOT
RPHG e SSTHG» FSTHE XKSF S XKMGC D6 DT » C7r OPSSCr DPSFS» BPSME» O30
COMMON RLOETYRLZD P SBETA»SZD s PSHSG ETAOVLODP P FLAHG» 11O

TTCOMMON CLUT fFINCrBELQ»RBRY D9 REAT s THRV ZRY P ROSV 4 TEXS +DLDM,BCMS
500 FORMAT(T1'+53Xs 'OIFFUSIR GEOMETRY*///)
100 Fozxnr(sax-'PETA-.0<.'7Dv,ax,vRsAsrv.7x,voerTv.7x.voISTH"ax"suv

2l
101 FORMAT(28Xs6F12.3//)
103 FORMAT(54Xr*L0G SPIRAL DATA'///40Xs *THETA? 30X, "RADIUS! /40X, * (DEG)

Tt 31N (INY /)
501 FORMATU3OX1F6.2¢30XsF6.3)
502 FORMAT (///54Xs *BLADE G?O”ETRY'//IIOX"D"LTA'-éXﬁ'GAMMA':7X»'ARO'v

L 7K TANVANT 26X YADIS Y » X TRARY¥BX Y YRLOCY #6Xs YCVAN' ¢ 3X s YBKBY/
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503 FORMAT{4X)5F11.2+3FL1e3eF124377)
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C0095E o WRITE (3,501)ALPHASRAD
200650 WRITE(3,502)
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i S{BUKY (B EIN (92X (8) X FORROD T200000 g
i : HOASY SNILCOMENS, ... T00000_____
a CMETES LZNO0TLAT/HOAZM L3 0
. .
i s g 2L v owe 3ivu

b o e Wﬂ”"w




RSN

) Crlel0, DATE 28 APR T2 PALE wn

g BUNCS? o cwg o . 0.321 4 QO/AELC ’
B LI VT S AELOR = RE10/57.296 . . .
4 0U50%9 IFIDBELT=004) 15,1815 . : : s -
000060 18 €10 ='¢Cmi0 ) : ]
TTous06l 60 Tole
oLuctse 15 €10 =,CM10/SINIBELOR) B :
000063 .19 IF(FLAMG=T.) 200,200,202 : . A AR B . &
TUTToeuoes T T TTTTTZ00 cU6s ©6 v COS{ALPER) R &
000065 CM7 = RB&7% CM6 I
>>>>>>> 0Loess CU7 = CM6%B6/ (0. THJKCLJ**P“UT+86 *SYNKALDER)/POS(ALwek)) . :
To000e7 ALP7Rz ATANICM7/CUT) v : ' ] :
200068 : ALP7z 57.296 * ALPT7R : e . : s
000269 C7 = SGRT(CUTH*2+CMTA2) . : : RN
030790 HLUT= u.omsu*(cuemz—cw**z) o .
N 0020571 . ' TRVTZ 3.1416 % D8/ZRV
; 000072 IF(THRV) 30,3031
3 T 006u073 30 THRY = 0,120 B
000074 31 BET8R= ATA\(rINC*TRVr/(TQVT—THRV)*SIV(ALD7P)/COS(ALP7R)) T
000078 EETB= 57.296*%BETHR :
000575 pLAZ (DB*SIN(BETER) + BEVY7(DB*COS (RETERIT
- 000077 . %'B’(Dd*COS(“rTCR))/(DB*”TN(PFT8R3+JSV)
0CUo78s XLAG = 2,/(BLA-BLB) ‘ . i , !
T ouun79 TF(XLAG) 60161761 . . /
000080 60 BLAGR = 3.1417 ~ATAN(ABS(XLAG)) . ‘
000081 G0 TO 63 . :
Quuos2™ T T TAY BLAGRTATANIXLAG)
00033 63 pLAGZS57.296 #BLAGR .
£00sH RBLUZ (Rgwx2~ RSV**2)/(2.% RE*COS{BITER)) .
2060985 BLRYVZ RBLD * BLAGR  + RSV =R9 o .
cos036 DMRV = SORT({DE&x2+D0*£2)/24) o ‘ £
060037 TMRY = 3.1416/ZRV*DMRY L : » : 5
Touoosy SOLRYZ BLPV/THRY . . , 5
Geuoss €710 = SORT(0.S*(CLOx¥24CT%x2) ) . _ ;
0U0090 GO To 199 o : : i
TTTTouLo9l 202 THOEX = 2 XE6¥ADEXS/{86LADEXS) - i h
063092 . CHRV = 0,.S5%{DHDEX+DHRV) ) ' : . :
003693 ’ PHRY = 0,%DHRY : . : ‘ v
TS FLUTH 2 3.18164890° ' N ' } ' ¢
20C00S FLRCHM = RG-RQ - : . ‘ §
000696 FLCHMZFLUTM+FLRCM - N o
000097 . BET7 S RCKS (90, - BCMSY*FLUTM/FLCM : R . ' . )
000098 BESTR= 0.5%(BCM5+RETT)/57.296 o ’ ‘ . £
000099 FLUT = FLUTM/SIN{BEGTR) ‘
009100 RET7OR = 0.5%(BET7+8E10)/57.296 . . o =
guoiny FLRC = FLRCM/SIN(RET7OR) S i
0Cp102 FLC = FLUT + FLRC : ' . :
[IEREEU i BLRV = FLC ) . . : ' . )
000104 C710 = SCRT(0.5%x{COHXX2+CLO%*%2))
000105 AEC6=ADEXS*B6
000106 : AECO=AS#*39 . . g
000107 OMDRY =((1e—~AECE/AECO) *x2+0, 2*(1.-.AEC6/AFC°)**2))/2. , : . ‘
ouoLos CLUT = 0.28~0,15*SART (R *RMUT/(B6+B7)~1.) l : . Y
“ouui09 HLUT ‘= CMb#*2/64 ¢ 343%2 J*CLUT ‘ ; N '
005110 190 RERV= D%RV*C?JO*RHO/(385 088%V1S) ‘ . oo .
cUo11l IF(RERV=1.E405) 520:520,525 o
TTToeorr2 B30 FRC = 0. 005°+O.2¢‘/RERV**0 237
CuUD1L3 60 TO 530
QuGLlY 525 FRC = 1./(U. BEBSHALOG (RHRV/XKFYDY+ 1. 74)4 %2 ' : o R
TTeeorlsTT T 530 HLFRYV = FRC*C7104%2/6% 348*BLRV/OHRY : T -
00CL16 IF(FLAHG=T7+) 220,220+222 .




>u«1'100 ) DAWt ?a nvw 70 BRGE
cooLL? ‘22 _HLDRY=E OMD“V*CG**leu.SHB
o0g118 THLRC = HLFRV + HLDRY + HLUT
£ooLi9 PSIUT=32., L7U*RLUT/U2%*2 . v n
000120 PSORVE 324 174¥HLDRV/U2%%2 )
TTooor2: T T TUPSFRV = 32.1THAHLERY/U2%%2
oeoizz | BSIRC = PSIUT + PSDRV + PSFRY
000123 ISLPRINTY 72.72,73C
T eootay T30 wRITE(LW, 9
300125 WRITE (Lw,604) ) o &
_uupize o wRITE(LW701) RMUTB7 o . bt -
cuoiar T T T WRITE LW T07) FLCeBY E ) :
cuol2s WRITE'LW,»709) DHRVeDO
_000IR9 o WRITE(LW€06) o :
200130 WRITE(LYW,711) CM5:C10 3
- Qu0131 WRITE(LW,715) RERY -
000132 L WRITE(LWE0TY |
TTuuerss T T WRITE(LW.717) FRC . . ‘. - - e
000134 WRITE(LW»719) HLUT/PSIUT Co Teo e P
opYods wleTE(L-.-,,z:\) HLDRV» PSDRY L i
NU3136, WRITE{LW»723) HUFRVIPSFRY - i
0Ug137 WRITE(LYW,727) HLRCPSIRC 5
_0DOLZ8 . 9 FORMAT(45X/ 'REVERSING CHANNEL WITH | CONTINJOUS_VANE® /) N 3
000139 604 FORMAT (55X s ' GEOMETRY (/) . - i
OU0140 606 FORMAT(45Xr 'FLUID AMGLES AND VELOCITIES®/) S :
000141 607 FORMAT(53Xs *PERFORMANCE' /) ! b
TToees2 T T T 700 FORMAT (UXy YMEAN TURNING RADIUSe U~TURN, RMUT'pZXpFlo 3e2% e VIN® . . ¥
0eU1e3 112X *CHANIEL HEIGHT B7'»20X F10.3,YINT) . ‘ i
000144 707 FORMAT (1Xrs *APPROX. CHANNEL LENGTH: ¢Lc'.a<rF10 3e2Xs VIN' . . .
TTTG0034S TTTTTTTTTTTTT T 112X 1CHANNEL HEIGHT BO', 20X rF10.35 P INTY-
QUdLue 709 FORMAT (1Xs 'HYDRAULIC DIAs CHANNELs DHAV?, TXIFL10.302X0 VINY Y.
ong1L7 112X, *MEAN EXIT DIAr DO,20XsF10.302%, Y INT//)
TROOLE8 T T T 24 FORMAT LAY THERIDIONAL VELOCITYr CHME 11X T10.392Xs TET/57 410X,
oun1Y9 11ABSOLUT VELOCITY s VANE EXITs CLO'+6XrF10.302%s'FT/SY)
GHO1%0 . 715 TORMAT{1X« 'REYNOLDS NO» MEAN, RERVT e 12X E10.4r2%s thux?//) ~
TTTOG0L5L T T 717 FORMAT(AX s 'FRICTICON COEFFICIENTr FRCYP10X+FL10e592Xs takxt)
000152 719 FORMAT(1Xs *HEAD LOSSs U=TURNs HLUT'+ 12X F10.3+2Xe'FT*r12X» . 3
800153 L'HEAD LOSS COCFFe U~TURNy PSIUTT 8XrF10ets2X e takn?) . . g
T RGBT 21 FORMAT (1X s YHEAD LOSS DIFFUSIONs HLURY' rOXsF1043s2Xr FET Vs 12X7" : i
000155 1THEAD LOSS COEFFs DIFFUSIONs PSDRVYrSXrF10a4 22Xy Vakwt) . ) 5
CHOLSe 723 FORMAT(IXs *HEADR LOSS FRICTION, HLFRV'»10XsFL104372Xe FT1212Xs . o
0001577 T 1'HEAD LOSS COEFF, FRICTIONs PSFRV'sSXsF10.4e2%s vhhk') ' ' : g
000158 727 FORMAT(1X/s 'HEAD LOS5s REVERSING SYSTEM/HLRC's3XrF104302Xs 'FTTe12Xs’ o
000159 . 1'HEAD LOSS COEFFr REVERSING. SYSTe PSIRC! =10.4r2Xet%ax1///) L
000160 GO TO 72 .
3 0U0161 : 220 DRVZ1.~C10/C7 + D8 + CU7/(SOLRV*C7*(D8+DA)) '
; 0no1se2 OMDRY = XKDVD * DRV&xEVD
TT000163 HLORVE Of”RV*C7**2/6+‘3“8
D00L16H HLINV”(C47*(COS(ALP7R)/SIV(ALP7R)-COS(RET?R)/SIN(Bf*aR)))**2/6U 34
000165 18
TTTTRU0L66 HLRV=HLDRYV + HLFRV + HLINV
kK 000167 HLRC = HLRV + HLUT ETEE RN :
00L168 PSIIV = 32. 170xHUINY /U2%%2 : )
000169 PSIUTE32, L74xHLUT/UR**2 E i a
009170 PSIRVE32. 174 4KLRV/UR**2 i . i
(s S ___PSIRCZPSIUT+PSIRY o i - i
"""" puor72” T B PSDRYE 32, 174%HLDRV/U2%%2
000173 PSFRV T 32+ L7H*HLFRY/U2%%2 . : : i .
000174 IF{PRINTY 72072330 : ~u . : ! : T . -
o0 Ts T A30 wRITE (LK, 1) . : : . S i -
000176 VRITE ALY 4) . o .




3 sd o~ o~
e RN

s e

WHITE (4o 300) _RMUTIT

WEITE LW, 303) BETS»DL AG
yRITZ I %) DSVeR2LD
WRITE (LW, 2C7) BLRVSOLRY

0U01d2
cuelsd

wRITE LW 3C9) DHRVZRY
WRITH LW,6)
PRITEALWe311) CME2CT_

Troutan
0U0185
500186

WRITE (LW 313) ALP7,210
W?llkrh“ra;S) RERV
WRITE(LYT),

w0187
0u018s
000189

WRITE (LW 317) DRVIFRC '
WRITZ (LW, 319) HLUT,PSIUT
WRITE(LW, 329 HLINV,PSINY

e g Bz

Tp60L90
c00191
BO0LG2

RITELYW»321) HLDRV,PSDRYV
WRITE(LWe323) HLFRV,PSFRYV
WRITE (LW ,325) HLRVPSIRY

TeuoLl93
cuolsy
000125
000196

0u0Le7
0()1\11\8
o199y
000200
gucant
009z02"
0UL203

Sunaiy

tuB265

cedels

Vo218
506219 -
TTBoge20
coo22L
noo222
Loue23T

Jogoz22y
Qee225

0”3227
200228

WRITE W e327) HLRC»PSIRC
L FORMATL40X» 1REVERSING CHANNEL WITH VANELFSS U'TURN'/)
4 FORMAT (53X 'GEOMETRY /)

T FORMAT (45X 1ELUID ARGLES AND VELOCITIESY'/) .
7 FORMAT(53X» tPERFORMANCE? /) . .
301 FORMAT(L1X» 'MEAN TURNING RADIUSr U~TURNs FEMUT' 2 2X0F10.322%Xs 1IN® 012X

TP tINLET VANE HEIGHT, B7t1Hr17X»FLl0.3e2Xr ' IN®S

303 FORMAT( 1X»tVANE INLET ANGLEs BET8'+13XsF1l0e3¢2Xs*DEG ¢ 11X

1 PVANT TURMINMG ANGLEs BLAG'»18X»F10.3+2X0*DEG")

TBO05 FORMATC 1Xr'DIAMETER DSV »23X,F10.372Xs 1IN 12X,
1 'YVANE TURNING RADIUSs RBLD'»13XsFi0.3¢2Xe"INY)

307 FORMAT(1)X» "VANE LENGTH, BLRV' 18X(F10+3¢7Xn IN' 12X,

1 TVAME SOLIDITY. SOLRV":&XPFIOQJOZX"**1')
309 FORMAT(1X» "HYDRAULIC DIA, VANE PASSAGEs DHRV®e2X2F10,3¢2Xs ' INT
112X tVANE NUMBFAR, ZRV® 92OX'FJO Br2Xs VAN //) :

T1 FORMAT(LIX/ PMERIDIONAL VELOCITY s CM6' ¢ 11X FL10.322Xs "FT/SY 110Xy
L *ARSOLUT VELOCITYs VANE IMLET: CT7'e6XeFI1042¢2Xe'FT/SY)
313 FORMAT (1Xy'FLUID A“GLF VANE INLETy ALPT'e7XsF10.,312X+'FT/S5,10Xs

1t A0SOLUT VELOCITY, VANE EXIT, CLOViaXsFLL I OX IET/5T)
315 FORMAT(LXy TREYNOLDS NOr MEANy RERV'»12X9F10.4e2Xe txx%t//)

317 FORMAT(1X,'DIFFUSION PARAMITER VANE. DRV'»6XrF1i0. Qv?Xv'***'rIIX'

1PFRICTION COEFFICIENT VANE? FRCT /AN FLO, 592X Trekk¥)

31O FORMAT (IX» *HEAD LOSSy U~TURNy HLUT'»12XyF10.3e2Xe 'FTr12X»

L*HEAD LOSS COEFFs U=TURNe PSIUT® r8XrFl0oUr2Xs Mortnr)

*’321'r01nA*<1xy'H:ﬁD“LOSG‘D:F#USEON' HLDRV 79X Fi0+592Xr FT e 12X

1'HEAD LOSS COEFFy DIFFUSION: PSDRV'»SXeF10e492Xe tkkx?)

323 FORMAT(1X 'HEAD LOSS FRICTIOMy HLFRV'»10%1F10.392XeFT1r12%,

TYHEAD LOSS COEFFs FRICTION: PSFRV'1EXe Flﬁ.ﬂvZX:}***')
325 FORMAT (1X» "HEAD LOSSy VAMFr HURV 14X e FL1C 302X tFT 12X
1tHZAD LOSS COZFFe VANEs PSIRV'»10%.F10. Mo?yv!***')

327 EFORMAT (11X YHERD LOSS, RVV”RSING SYSTEM HLRCY s 3XeFI10,3-2Xr TFT 9 12%s
11HEAD LOSS CCEFF RIVVRS NG SYSTs PSIRCT»F10.4¢2Xe taekx?/)
329 FORMAT(1Xy'HEAD 1.0S5s INCIDENCE» HLIMV'6XrF10.392X»1FT* 12X,

TTIYHEAD LOSS COEFF, INCIDLNCEv PSINV?Y rSX rF’D.Q'ZXo'***’)
72 HLVDZOMTOT*VU*%2/64,35
PSIVDEHLVDX32,174/U2%%2

000229
000250
006232

PSHSGZPSIVO+PSIRC
PSI0V=PSIIP=-PSHSG
HTOTF=PSIOVFU2+%2/32,174

duuz3e
000233
_OJO“SU

ETAOY=PSIOV/PSIINKWP/WIMP
Mo oM+l

000235
000236

IF(PRINT)Y 800,800,750
750 WRITE{(3,47) PSIVD

T IN E

e -




R E

_ wRITE3.20) PSHSG - . "
WRITS 13,27) ETAHI
wRITE 3¢32) ETAOV . - '
WRITE '3,41) PSIOV e e e
- - TTTRRITE 3. 45481) HTOTF . ’
47 FORMAT{SX s THEAD LOSS COEFFs DIFFUSERs PSIVO'rBXeF10.43X e thnnt)
41 FORMA™ (5 'PUMP OVERALL HEAD COEFFr PSIOV!»OXsF1044e3Ks aknt) _ X e
29 FCRUMATI(S( s THEAD LOSS COEFFs HOUSINGs PSHSGTrOXsF104ts3Xs 1 Hkk?)
39 FORMAT(SX: "EFFICIENCYs OVERALLs ETAOV®»iuXpF10.0,2Xs tannr)
441 FORMATISX s *TOTAL HEAD PISE» HTOTE*e18XsFI0.3e2X0'FTY) | e
T 37 FORMAT(BX» TEFFICIENGY s HYDRAULIC, ETAHI!e12XrF10.402Xs takx?)
800 RETURM Co
- . END e e
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- Coutinn
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000245

QL3088
Tonpone”
00050
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T gowus2
00)C53
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TTUSURREITINE SAFE

I sl DNATE 20 AR T
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COMMON XK{8)»XZ(3) P XFR(8)»XR(8)
COMMON DultPerHrRA'RC'BB“erIIND:THINDrZ D”IND'B’(lvAl'ABlnDPIND

T EBCL P HRC2 ERC3 CLCITCUC2rCLEI Y CLTS » THET Y THC 2+ THE S Y YHYS» CLRS Y THRS ¢
2CLIMP I THIMPHCLTOT» THTOT +BLK2, A2, SOL1»SOL2:SOL3» SOLUSOLS»SOLIPSOL
3TOPDH P DHIr DHU pDHS pDHIMP  DHTOT I RP2rRP3 1 RP 41 SMr QT+ S1G DRy CM2, SCL

CONMVON DTIPEPS D2y B2+ BBT 11 BB r 2120121972073+ 20+NZyKIMID XST»DPIMP
COMMOM WP » XNyRHO» QKT ¢ HNPSH H.OT'PHI\N'V”K”-ETAHIvP ITHIESHRIRYWR
COMMON XKPH1,PHIZLPHI22,PHIZZ»CMIsUTL PHILIT SoXNS»OSI0»PHIRNCASE

_END

COVION FLAGI VIS FLACO»WHRURIP QYR;rD IPSPSIIPYPSIINGFRD
COMMON BUrRLIREX RYIBETAPBFLUPZD»DINLTDISTHe TINe TOUT XL V5
1RADUSLOSY y THETAWRADTHr ALPHASRAD s DELTA» GAMMA» ARO,RAR P RLOC» CVAN

ZANVAN»BKAsDIFRCTRADISADIS) THICK ) THICO R STANG, TRACO, SOLID» ABMY,
SRAMS FEEFACROS AEWARSLyDHP AR ATHT +RTINOSOPNSKIP»OPTFI PRINTIFI2

COoNVMoN RICPT.RI‘”:QIBL;?IPH«D”[’R:LSprG,RWTHoOVDRrDMEU-ONOV e

Bd Vi e M XKDOVDy XKIVD e XKEVD 2 EVDrFLAS XKQD+ Qe QD s OMTOT
~DVGQSSTh’tFSTHGrYVSFSrYK\‘CrDGoD7 C7¢DPSSCPIPSFSIDPSMC CBL
RLAZT»RLZD e SBETASSZD» PSHSG ETAOVILO0P »FLAHG 39

TLY |rrIPClBLlOvaRMiDO'R”670THRV'ZPV RDSV,TEXS "+ DLDM/BCMS
DB?R BE2/57.296
IF(LOOP) 20,20:25

T PSITHEZPSIO~PHIZ*COS (BRB2RI/SIN(ERZR)

HTHI=HTOT/ETAHI

U22SQRT (324174 #HTHI/PSITH)

D2=229.3%U2/XN ~ ‘
R2ZD240.5

BLX220,05%Z/ (D24SIN(BA2R))

TpLK2 = L1 ox (1.-BLK2Y T4+ BLK2
CM2zPHIZ2xYR
AB220.321%Q1/CM2

T R2uAR2/(3.141592D24 (1 ~BLK2YY

IF(PRINT)Y 50.50,040
wRITE(3r1) NCASE

WwRITE(2+3) PSITH
WRITE(3,8) HTHI
WRITE(3r6) D2

TWRITE(3,7) BLK2
WRITE(3,9) AR2
WRITE(3,18) B2

WRITE(3,8) CM2
h7175<q,5) u2
WRITE(3,30) PHI2

’Fou,nT(vv"sx'v*** CASE T2, Frxi 77
FORMAT (5X» * THEORETICAL HEAD COEFFICIENT Y p 12X sF10aths tXs thak?)
FORMAT(5Xs *THEORETICAL HEAD' »24X»F10,494%Xs*FT™)

FORMAT (5X» ' IMPELLER TANGENTIAL VELOCITY ¥ 12X»F10, quX"FT/SEC’)
FORMAT(SXs *IMPELLER DISCHARGE DIAVETER' »105XeF10.4s4Xe *INCH?)
FORMAT(5X s 'IMPELLER DISCHARGE BLOCKAGE ' # 13X rF10a4sS5X e tackn?)

TFORMAT (5X st IMPELLER MERIDIONAL VELOCITY'» 12X F10.4raXs *FT/SECT)
FORMAT(5X s *IMPELLER DISCH BLCKD AREA'+ 15X F1044s8Xs*SQ IMY)
FORMAT (SXr ' IMPELLER DISCH VANE HETGHT ¢ 18Y»F10s44Xr t INCH?)

FORMAT (SX ¢ ' IMPELLER DISCH FLOW COFFFICIENT'+9XeF10e4o5Xr  hxxt,/)
PETURN
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3010

LR
judle
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condal
o 101

8e0032

e et gy g TINE T SCRLL T

GLLo33
CTguelas

ou0e3s

£0s035
L0037
00038

v 5
nooLsl

TTouuone

greesd
NEanLY
QuUULS9

-,-v»Mrmw-uuz_-wu.«»;m..;@ .

e e

150N 1107, Y(10) »(10) (A1), BLILY"
COMHG WK (D) +XZ(3) P XFRIB) 1 XRLA),

- F
“"covfcﬂ'SHl'Rmz,H.RA.Rcy93M1ycLIND}THfﬁﬁ?ii?5RENSTht¥ETKITABITbﬁf§5'
1erulaBECZrUECB»CLCloCLCZrCLCZ'CLTSrTHCi»THCZ»THCS-THTS;CLRS:THRS-

ECLIVPvTHIHPyCLTOT'THTOTrBLKZeAZ-SOLlzSOL?fSOLBvSOLQrSOLSoSOLIPvSOL ‘

g T

““’“"””'””““”STO'9H2.DH3:DHQ.DHS'DHI%P'OHT TrRPZrRPB'RPu:SM-QI'SIG'DRyCMapSCL

COMMON DTl'EPS!DZ!BZvBBTl0882'21ZO'ZIr22vz3'247NZ!K3MIDrXSIvDPIMP
oMo WDvXN'RHOvGKIvH%PSH'HTOTvPHIMN[VHK%'ETAHIyPSZTH'E%HR-RNR,_

T - ”1RADU5\95)-THETA.RADTH,ALPHA.RAD,DELTA{GAM%A;ARorRARrRLOCyCVAN'

Tyterzlelds

“yi5yzle27 T T o o T

ce L .
'VCOMNOV»X(le'PHIZI'PH12299H123tCM1vUTloPHIlT'SvXNS'pSIOrDHIZPNCASE

3 ALPHSZ=Q0 .~ BFLS_ o —

COMMON FLAG,V1S,FLAco'wvauz,PSIRL-oplpﬁ.ﬂsIIP'PSIIM.FRD
COEMON BWyRLyREXrRQfRETA-BFLQoZDrDINLTpDISTHoTIN:TOJTyXL-CSo o I [
2 ANVAN,BLBe RS rRDISvADIS-THICKeTHICOrSTANGsTRACO:SOLIDrBBMur
3BUM5,FEE'ACR05.AEw.ABS1,DH.AQ.ATHT,{pz-Ncso,NSKIP.ovTFI'PRINT.Rxa,__

cO¥oM RIO?T:RIBMvRIBLvRI HvDELoRFLSynEOyRMTHcOMPRpOMEWoOMOV .
COMMON Vie My XKOVDrXKlVDvXKFVDvEVDvFLAr XKOD:Q?OD:OMTOT

»COV”ON RPHGvSSTHG'FSTHG-XKSFS:XKMSCcOévO?rCTeDPSSCrDPSFSrDPSMC'C34_mwvngww_w___y%___,_ﬁg_m_
N RLBET»RLZDvSBETAvSZDrpsHSGoETAOV:LOOP:FLAHG?%Q

cOM éH CLUT-FINC18510vRUR#»DQ-R8677THdVpZ?V»RDSVrTEXS »DLDM,BCM5
Y (1)z=10. e e "”ﬂ”ﬂ_ﬂ_v,_ﬂ_,__,_,ﬁ_m,_._W_____Aﬂw__.,_,___-,a_ﬂ--ﬂ_,.
po 10 vz T T

Y{J) =X (=22 +5.

CUIIZLa080 T T O [
Y(3)=1.1%

vi{y)=1.225

Y(6)=1.315
pll)=0.77
wi2)z=0.691
w(3)=0.628
wle)=0.585
w(5)=0.55
wig)=0.514 . .
cALL CUFIT(3'6oXvY}A)_M*__Mﬂ_m_~_w_____;~
CALL CUFIT(3160 XeurB) i
WINPzEP e (Lo +QKT)
BHzl, X022 Hm,~,p__,_m,__,_,,_ﬂé_,"__,m_w___d__,.._._.___—*__P____,f
1F (ELAHG=3s) 29203 ; . .
ALPZH:ATAN(CMZ/PSITH/UZ) . -t
ALPSRIALP2R e

ALPHE=57 2967 ALPER
£5=02 . .
CU2TH:PSITH*U2”_”mﬂ_v“__‘__~ﬂ~_‘ﬁ___;;;<
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2. AXIAL THRUST BALANCER STABILITY ANALYSIS



‘J. J. Brunne
o Bed-72 '

COMPUTER ~ PROGRAM =
AXIAL THRUST BALANCER STABILITY "ANALYSIS

I. INTRODUCTION

The dynamic stability of a series-flow self compensating thrust
balance system operating with 1iquid hydrogen is analyzed. Two methods
of analysis are presented: The energy method and the root locus method.
In addition to stability parameters, the program also prints out balancer
capacity, flow rate and orifice pressure drops for any specified balance
piston position.

This program was written for the parametric evaluation of the axial
thrust balancer design of the NERVA Turbopump described in Reference 1.

I1. DESCRIPTION

The thrust balancer schematically sho@n in Figure 1 is a double acting
series flow balance piston which is integral with the second stage impelier
disk. Fluid is bled from the second stage impeller discharge and forced
through the high pressure orifice into the balance piston cavity. From the
balance piston cavity the fluid passes through the low pressure orifice and
discharges into the sump. The sump is vented to the first stage impeller rear
cavity through multiple internal flow passages and a common external line
which permits installation of venturi flowmeter.

Maximum thrust (towards suction) is achieved with the high pressure
orifice closed while minimum thrust is obtained with the low pressure orifice
closed.

Reference 1 - Aerojet Nuclear Systems Company Engineering Operations Report
N8300R:71-076, NERVA Turbopump Design Report, Volume 1,
September 1971. ' '
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The balance piston operates between the second stage impeller
discharge pressure, P], and the first stage impeller rear cavity pressure,
PZ’ (Refer to Figure 1). The effective pressure differential across the
balancer face is reduced by the pressure difference, PC] - PCZ’ resulting
from fluid rotation in the balance piston cavity. This pressure difference
is calculated using the semi-empirical method presented in Reference 1.

The angular velocity of the cavity fluid may exceed one half that of the

rotor because of the very small axial clearance.
After assuming starting values for fluid density at each orifice the

flow rate is calculated from the following equation by an iterative process.

1
?2
. P, - P, - AP
W= 2g e 1 ¢
1 1 !
+ +
. 2,2 2
. 4
where:
A] = ZNR]X
AZ = ZWRZ (6 - X)
§ = total axial clearance
X = high preésqre orifice gap
,C] = high pressure orifice flow coefficient = .85
C2 = low pressure orifice flow coefficient = .35
Co = vent line resistancé, calculated = .5 Ft?



Using the first approximation of the flow rate the pressure drop
through each orifice is calculated. The fluid frictional heating in the
cavity is estimated using the friction coefficients based on Schultz-Grunows
data presented in Reference 2. The frictional power is calculated as follows:

-8 3 5 5
= N R,™ - R
Peie = 9223 (1077) K o (R, 1)
P . = disk friction horsepower
ric
K = friction coefficient
p = fluid density (1b/ft3)
N = speed (rpm)
R2 = outer radius, (inch)
R] = inner radius (inch)

The friction coefficient K is a function of Reynolds number and clearance

to diameter ratio. Values of K for smooth and rough disks are published in
Reference 2. '

The fr1ct1on loss results in an enthalpy rise

Ah = M
| ;T
and the resulting temperature rise is obtained by dividing ah by the specific
heat Cp.

Assuming an isenthalpic process through all orifices and considering
the frictional heat input in the cavity, new values of fluid density are obtained
for cavity, sump and exit. These new values are used in place of initial
approximate densities and the entire flow calculation is repeated. Two to three

iterations are generally required depending on the starting value to achieve
consistent values of fluid density.

Reference 1 - Pratt & Whitney Aircraft, Florida Research and Development Center,

Investigation of Prmssure Prediction Methods for Radial Flow
Impellers, PWA-FR-1276, 8 March 1965.

Reference 2 - A. J Stepanoff Centrifugal and Axial Flow Pumps, 2nd Edition,
' J. Wiley & Sons, Inc., New York C
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Cavity and sump thrust is calculated by numerical integration of
- £ > ES . [P S - * g 2
the pressure profile, assuming a linear variation of pressure with R™.

The dynamic stability analysis is in essence based on the energy
method and the root locus method discussed in Reference 3.

ITI.  INSTRUCTIONS

1. The total travel DELT is diyided in even increments of 0.001 -
inch. Present array size limits the effective travel to be analyzed to 0.019
inches, e.g. the maximum value for LIM {s 19.
o KSTAR permits analysis to start at a higher value of X. To
avoid rubbing X will always be larger than 0.001.

2. If NFLAG is negative only the steady state operation of the balancer
will be analyzed. If NFLAG is positive the entire analysis will be carried out.

3. Orifice coefficients CORF1 and CORF2 based on Rocketdyne data
are 0.85.

C 4, The line loss coefficient between sump and exit is
CLINE = K —— bt
Y BPyipe P

ex
This coefficient must be estimated from ducting layout.

5. For disc friction coefficients refer to Reference 2. For most

applications CFRIC = 0.22 x 107/,

Reference 3 - Dynamic Stability Study of a Series Flow Thrust Balance Piston,
North American Aviation, Rocketdyne Division, Report R-6809P-1.
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" NOMENCUATURE INPUT

SYMBOL  C NOTE T UDESCRIPTION " " """ CUNIT FORMAT
Ry ' . Radius High Pressure Orifice ~In F
R, ' Radius Low Pressure Orifice In F,
Ry ~ Radius Sump , In F
DELT Total Travel In F
DCL , Cavity Clearance . | In - F
VS Sump Volume Ih3' F
VOLTP Tip Cavity VYolume - In’ F
P1 Static Pressure,HP orifice Inlet : psia F
Tl Temperature, HP Orifice Inlet deg R F
RHOIN Initial Inlet Density | b/ft3 F
p2 Static Pressure, exit ‘ psia F
ROEX Initial exit temperature b/t F
LIM (1)* Limit of Increments of Travel (19 max) - I
KSTAR (1)*  Starting Value of X B - I
NFLAG (2)* Flag Defining extentof analysis : - I
CORF1 (3)* Orifice Coefficient HP - F
CORF2 (3)* Orifice Coefficient LP - F
CLINE (4)* Line Loss Coefficient - F
RPM ‘ Rotational Speed , rpm F
WROT _ Rotor Weight : ~1b F
EPS : Ampltidue (~v.001) ' In F
CFRIC (5)* Disc Friction Coefficient - E

*Refer to Instructions.
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00575
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Gud77
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ouut2
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UL 00
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00411
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00411}
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CBbex
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Gu s
S1x
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Go¥
EEE
ENES
Qo4
EXE)
9+
GG«
1uue
101#
L2+
103
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Ligs
111»
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112%
1144

115+
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117+
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119s
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129«
12n*
1e7#
1264
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FrO(UIz a12 & PHYTRIYY# %0, 010 (DI/PMRY ¥« 1 0304 (R1/CLIJ) I %¥0.233
DFCLS) = BHOC + AMYTLE«2AFKC () 4425 (R1+¥3 « P2%%2) /1333740,
WO TIUY) T ann33Gn T ((DPTAT=DPCINI /{1 /0RNF 1 42/ A1 4% 2/RHNL +
11./CUnF2ve2/AZ FRD/RUO2 4 1, /CLTHF %D /2H0ITXY )

NPICII=NOT () #%x24 2023/ (CORF L %26 A1 A 2%RHC L)

DP2SYZEDOT I ¥24 2. 230/ ( CORFP ¥ ¥2% A2+ ¥ 2%0HI2)

DELGJ)Y = w0 T (I %4242, 239/ (CLINE x % 2¥RHOEX)

Pe1io) 21 - NP1(Y)

FC20d) PCL{) = DPC(N)

POyl = Pof iy - apel)

PCHd) e {(PCLIU) + PC2(J))

TC1( OHTEIP(RCL GG p L eNCL) -

CPCY = PToP{FCI(D »TCTUU)

PERIC(J) = 0.92272-~08% CFRIC # RPM¥*F3% (R1445 = R2*x%5) * RHOC
DIFRC = O 07 & PERICUD /WDHOTJII/CPCY

Mo

1 H

TC2(0) = TCL(D) + NTERC
HC2 ()T PTERLHPC2 L), TC2 L))
Told) = PHTFRP(PSIUY 2 HC2 (U} »0S) . U ST

TR = P!T"“(‘zvyc > {J) » XD
REOCLIJY = Ph 1S(PCLIJY P HIPRLCY) * 172%.
RUOC2 Y)Y = PHDFNGIPC2 () pHC2 I P RLC2) ¥ 1728,
REOS(dY = M GRS rHC2 L) W RLSY %1728,
Ri1OX¥ (J) = PHOENS (P2 HC?‘J):RL?) * 1728,
RrOCH ) = (RH0C1id)Y + RHOC2(3) /2,
R GC = RHOCH (L)
IF(I-l) Tl 320,112
11 RWOT = ReDCLIM
R0 = RHOG(J)
KANEX = 10X ()
CWSTAR = Hn0T(J)
I =1+1
GO To 102
112 FLJ) = 1en708 & (Rl¥kz = R2%#2) * (PC1(J) + PC2(J))
1+ 341417 « PSIJ)Y % (RP$¥2 = R3I*%¥2)
11 CONTIMUE
55 FCRMAT( /22Xy "CAVITY COHDNITIOMNY/)
B2 FURMAT{CAs tHP GAPT 11K "RCL P 12Xr ¢ TCLIY 11Xy YRHOCLY» 11X *PC2 Y 12Xy
LeTC2 231X TRUGC2Y)
iy FOCRRFAT(INA Y YUART$ 11X "PSIAY 2 11X INEG Py ¥y tLB/FT*%3098Xe 'PSIAT,
111X TLFG HYe OXe'LO/FTH¥30/)
56 FURMATIFIS.3,F 18,20 2F1531F15.292F15.,3/)
Ve TTELH»S0)
WRITE (L e52)
FRITI(LY ras) .
WITL U e 60) (XBARTD) yPCLIUY » TOLLU) P RHOC L) pPC2(U) » TC2(J) PRHOC2(Y
STAR LI
G, FURMAT /250 YSUMP AMD EXTT CONDITIONS/)
£ FURIATIGUA tSUNP Y, 33X, 1EXTT 218X 'FLOW RATE )
G FURNMAT (LXK "5 JAT'll?Xt‘P%'r13X-'TS"12X0'RHWS'012Xv'TX'012Yv'RHOX'
TellXetwiiTY)
6l FOREAT(ILA S IR o 12X IPSTAT» 10X, 'OFG R'- OX+ ' LA/FT*%31,8X0*NDEG R+ 9
IXp ' Lis/ZFTxxZ0 QX 1LI3/SECY /) .
\i\ITL(L..‘HJ!‘)
ERTITELY60)
wRITC (LY r6r2)
YWRITe (LW 50)
66 FOPIAT(FLS, ZeF15.215F15.3/)
WRITE LY e 4n) (XpAn(d)voc(J)rTS(J)vRHOS(J):TV(d)vRHO\(J) PUDOT(J) vd=
IKESTARLLIM)

C=SPIMG RATE AN FREOUEHCY

[
4

ST ST A

!
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Jo44h
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$0UHS
HUSHO
Qua7l
J0472
ouu73
CULTw
BLLTS
Guu7o
cau??
UunLd
Jubol
gunho?
00503
guboh
uubthH
diLlo
CULL7
0dn10
oubll
cunl2
cusls
Guslh

VoSS

Gunle
0Ub17
(050
GUnzl
uLbee
00Uyl
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Gubhet |

[bREovite)
uuozh
L oeLe?
0US30
nus20

UV

00531
5059¢
033
0uL35
00537

GO 1246 JEKSTa LIn
orxdd) = (F(d*l)—F(J))/(YPNH(J+1)—XHAD(J))*l?.
OrroAtY) =(22.16 % DEX (M) /WROTY #¥Ne5

12 VL)Y = AP » CL(dy + VOLTR

67 FORMNAT(/2Xs 'SPRTHG PATE AMD FREQUINCYY /)

[ FORMAT (LK 1 XFART (80 TPRESS EQRCFE1,3Xs 16PRPTMG RATE NEPX Y e 4X s YFREQY
LORCY a1 2T5C EOICTYy AX P CAVITY V”L'nZXr'FLOW"SX"K~PRESS')

T FOaT( XLW:'IN'leYv'LP'»1?Xv‘LH/FT’yl?Yr'“WFGA"12XI'HP'vHXv'IN*
lbj'nﬂﬂr'CQKrF'r“Xr'GRAUTENT'/)

72 FCPMAT(FL3.5rF 15612 IE'LE).'S!F’.‘%ol7F15.3'F10-3!E'10~QIF1043/)
WETTO L6V
W ITEAL T 53)
PR ITL L e 7D
PRI T O 7)) (XHNH(J);F(J)vDFX(J)vOVEGﬂ(J)vaRIC(J)oVC(J)vPHIIN(J)
1 b RO Sy JZXS TAR LI
1R GoFRAG) 31319129

C-BULK LEDULUS
129 (0 139 GG TARPLTHM T e RUT

S0Uc1td)y = PFSOUH\PCL(J)oTCi(J))/la.
LOUG(JY = PIGOUIHPS I TSI /22,
EGCLLG) = Bnoctid * SO () 42/ 1630
EuSiu) = RHOS(J)~SOUS(J)**2/463U.
POIH = PCLESY + S
pPCILl = PCLLD = B
VCih = (HHH&HS(PQ!H:HlvRLC1H) * 1728, ) k% (=1)
Vit = (PnnghS(PCILrHl'RLC1L) ¥ 1728 %%(=1)
VOl = 1./2i00100)
Enctia = ~YC1410. 7 (VCIH=VCIL)
puH = PS{JY + 5.
pel = PSEL) - 5. ..
VSH:l./(PHF”’%(PGH:HC:(J)'RLSH) ¥ 17284)
cL=l./ (PH”“HS(PSL-HC?(J)rRLSL) x 1728.)
VOLS = Le/Z:3i10%(d)
FHE LI Z=VOLS A 10/ LVSH=VSL)
o = (TCL{d) + TC2(J1)/2,
HOY = PTEOTHECH D) TEN)
SoUeMId) = PTSHU (PSR () » TCiA) /120
ELCh(d) = RHoLHid) * GOUCMIJY Rk e2/UARDD.
porh oz POV 4 B
pesl = PCYd) = B
VeMH o = 1,/ (PHDFHS IPCLH 2 1ICHM » RLCMH) ok 1728,)
Vel = 1o /7 {PHDERS (PCML P HCM RLCML) * 172843
Yol T 1o/ Rech(o)
FLCH (J) T =VCi o 104/ (V0Hr = Ve
feChidy = (1./05CHL0Y + (1 /C5HCH LY - 1 /EACMIJI)I*L0 /(1. +' (OMEGA(
1Jd) ¢ RPCCHE) # VC(J)/!??U./HUOT(J))#*2))*k(—1) .
FECL(J) = (1./06C100) + (1./EHC3(J)-1./E§C1(J))*l./(1.+(OM€GA(J)
1»nHOC1(J)*vc<q)/17?n./wﬁ0T(d))**2))*»(—1)

130 feStd) = (1./76554d) + (3o/FHSED) - 1./FSS(J))*1;/(1.+(OMEGA(J)*

1Rp:0Sty) * NS /1729o/HUOT(J))**?))**(—1)

B FUREATC /72X "BJLK MODULUS, PSIY/)

(34 FCPNAT(lﬂXr'XUAR';BX"SCUND VEL Y 11X 'CAVITY C1's18Xr*SOUND VEL'»1
135 0GUNPY)

b FUFMAT(llX"IH"&XV'F]/S"QX"E(S)"6XI'E(H)'16X"E(E)"10X"FT/S"..

1y TXe Ve AS) CeBKp TE (Y1 e OX e PE(E /)
g FOUNAT (FL15. 300k 10419F15.123F10.1/)
CERITTALY2D) :
ERITE (LY e 32) %
ERITE (LY 83D .
C e e ,vnnnth.qoudt(d)-ESCl(J);EHCl(J)'EECI(J)'GOUS(J)v

P T
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ounEu
quuhl
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U0L60
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00600
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Quou D
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uuslh
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uooiz
B0LL3
00t
BUwLly
Ouslo
Q0L17
Yueen
JUpel
0Ue?3
QULZH
gusey
Juels
306¢s
QUo7
Cou31
QU633
00655
0U0L35
00uh9
Uuobli
Guubl
0Uoe2
Quube
PHIAN]
00uLHS
Qoo 7
V0es7
yuvo77
co762
GuU7U3
03704
007u5
VU795
00707
ou719
06711
00711
00713
00714
GuTLY
Q0715
ub710o
0u7ev

CYEeSt)  E () o ES LAY SSRET AR LT

210 FUIMATLZZ30X 0 Y A0 AR 3% tSOUND VEL Ty TXe tMEAY CAVITYY)

A1 FURSATILIL P10 aX o PFT/S B e 'E(S) 1o 6Xr *FLHY 1eaX e E(ENV/)

A1 FURCAT(F1G300F10.1)
WiITo LW 310)
WikITE LW 312) .. R .
WRTTE L2 214)  (X3AR(I) »SOUCHMID) v ESCMIU) 2 EHICIHIU) P EFECM(J) » JSKSTARNYL
119) :

C=CULFFICILIS

LU 140 JERSTARGLIN

Curf o) = XanD Y Z(DELT=XRAR(L) )
CLAMD (Y)Y =(Pl=pPCLiun)Z(PC2(d)~PSId))
SlEd)Y =P =PC1)) /(PSS =PRYy
SLINCO) = L= PI=PCIINI/EECLIT)
SULAMSIY) = 1e= (PC2IN=PGIU) ) /RES L)

Créd) = 1.+ COMEGLD)

Czld) = OREDCMIY AAPSRAAP(J) 74D0T IV /1728,

C3{d) = SLASCIYY + CLATDIY)

CHld) = Re0CAJ) % VO ZWD0TLUI /1728 *24%(Pl=PC1{J))/EECM(Y)
CuLid) = Al SACLAMD I 2SI ANMS (J))

Cotd) = AaS{COMEG(J))

C7(I=RA0S LY * ASG * XRAR(IN /WD0T (I /17248,
Ce(d) = CLaruld) + sLansiyy + swuty)
CulJIzaHos () VS/¥u0TiUY /1728, * 2ok (P1=PCL{J))/EES(D)
g CLRGJ) = mS(CLamin ()
73 ECIMAT(/P2A e *CCEFFICILRTSY /)
T4 FORNAVOIOX s YXBAR S, TX o v 0AD OMEGAY v AY s YCAP LAMBNAY 9 OX e *SMUT» 10Xy 'LAM
18uA Cra TR LAIDA SY)
Té FORAT(LLX IR 210X TCOMEG Y » 9X s *CLAMDY /)
TH FU™ATFL13.376F 1504/
WRITELLY »73)
WRITE (LY e 74)
v I TS Uow e 76)
WRITEL Y 700 (XBARID) yCOMER (U »CLAYD (J) »SMU G » SLAMC () » SLAMS (U) 0 U
1ZKS A1)

B3 FURMATL /200 'COEFFICIENTSY /)

o0 FOR“AT(XUXr'XUAF'-&Yr'Cl'rPX"CE'rﬂYv'C3'13Y1'CQ':RX;'CS'vBXv'C6'v

TEXs PCTV e 04BN BXP 1 CYtAX,1CL01/)

LSz FCRIATITIS W1 FRo G FI2.31F10.4rE12030F 1044 FALeF12.3/F1004rF10660

IFre3/)

wRITL (L#e83)

VRITE U 4900) .

WRITU (LW 92) (XRARID) v CTCU) v C2L) s CALUI 2 CHLS) 1 CHIII 1 CHILIHCT L) »
1CG{U) 1 €O (U pCLO(J) s JSKSTARPLIM)

D0 150 JSKSTAR LI R L

X (L) = caid)/culd

CeSGELLDD (CLIN ACALY) = CHLN*CEH{IIIZ{CP LI +COLN)

ZETOLLWL) (CL{J) * COlJ) + C2{IV+CARIII+CTILI *CS(JY)I/(C2(UI*Ca(I))
CrEN2() (C3(U)=CALUY= CIOLIYCSIS) )/ (CH I *CAS))

2ETV2ES), (CHIACHRILY + CI(IIXCO(I)/ (CHINIXCA(I))
XS E €T /D) o

0LSL3I) = (CILIIACLUL) = C3(UI=CAHII)IZICu i *CT(I) \
150 ZETOI(Y) = (C2LN*CL0ES) + C3LUIHCTIY) ~CulN *CHID I/ {CHIN*CT(D)
1

793 FUMBAT (/2% PINTERMEDIATF VALUES'/)

9y FORMAT (LUK VARAR Y s 66X s VKPR 1 gAY *OMEGALR¥2 1 1 6X ¢ * 2ZETOMLY 16X T OMEGA 2K

120 35Xy 12257002 e TX e PKS e 7X s VONEGAZ¥#21 3 AXp 1 2ZETOM3 /)

GE FOREAT(FEL3e3/F 10447451342 F 13,40 2E13.4/)
WRITELLV 2 G3)
CRITE (LU 34) |
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Qr722

uL7s2
Cu74u
Ju7h3
Qu7Hy

Gu74s

u7so
Qu7a7
00747
suUT50
U751
ou7u2
gU7H3
uu7u3
U754
Uo794%
QU750
GL76v
00761
00761
0Jd702
00763
Gu769
00767
BU 767
810065
J160o
gLou7
0101y
giull
01utd
U119
Glel7
0lui7
01050
01033
01033
uludy
SRR
0ludd
uluds
Gilohl
0L0%2
01luud
010%%
01645
gliso
0i0a7
01050
010561
o1yl
01083
Olubo
G15487
01ud60
0Ll L

016¢2

d1lued
0lio4
010

2ul
2ol
PArA)
oo
2O

Q05K

chot
20u7
2o
209
270%
211«
272¢
2T+
27u*
eThHr
2704
eliw
27w«
279«

PV

201«
282
2udy
FATES
280¥

206%

287+
200«
Sh'ie
290
291+
29%
2904
&k
290«
295«
23T
298+
20 F
JUl*
30l
J02%
35«

DR

Jubx
U0

507~

S0ex
b4

Slov |

311+
312«
310+«
S1l4%
3iv*
314
317
31ba

319w

160
249
3uu

302

Jut
3o
306
30s

T C=R00

- L e i S S ek s L

ATTO L 0) (OOARLD) o XKP (U » QN1 (D) h ZETOLI) s OMSQ2(U) 2 ZETO2(U)
IXAS (U 0,0 30Ny ZETOS(J) r JZKSTAR L IM)

Lo You JzilelIn

EirS = piIS R e L))

XCUJ) = Z2UTCLILY20MEGA (N /(04501 (W) =~ OMFGA(J) %*2)

YCA{J) = ZET02{UY40MECA (I /{NVS02 () ~0MESA L) ¥%2)

SINPI(D) SUIXCII) =YC U ) /SORT L 4XC (I x¥2) % (1o+YC(JY %42))

2004 SXAP ) AZETOL (N ZZETO2 (U R YC L) /¥ CUUN A SCRT (Lo #XC LU #%x2) / (1,
Ty Clulvd2))

Us{J) = ZEeTO3 () xOMEGA () Z{0HMSNI () ~OMEGA (J) 442)

Yo ld) = YC(U)

SINP2 IS =Y LU I/SORTILL e +HS TSI %22+ (1 o +YS () %%2) )

ZS(d) SRS I # 20 TO3(IY /2FTO2 0 *YS L) /US I SART ( (1« 43S (JY *%2) /(1
145U e 2)) '

CPCUU) o 2U3H AP R (P1=PCHFIJ) ) & XOAR(J)*EPSEx2 % 7C(J) * SINPL{Y)
CES{J) = n.ln38 #AS«(PL1-PCM(J)) «XBAR (I ¥FEPS4#2% 25 (J)*xSINP2 (J)
CET(JY = CPhCly)y + PSS

FORPAT (/20 *TLTERUEDIATE VALUESY/)

FURIIATCIORKp P XLARY 9 AX 0 X o BXo TYCH o 7Xp 1SIN{PSTL) 19 4Xe *ZC1 e 7X "UT» BX
Lo tYSOX e SITHPSI2)Y Y ayX e 2SR /)

FURMATIFID I 0FI0 /)

Wik ITZ (e 2-94)

NFRITL (oo 30C)

U I TH ALY A02) (XBARID) o ¥CUN 2 YC (D) » SINPL (D) 2 2CED) 2SI 0 YS{T)
3 ’ S{J) p JSRSTARP LI

SREATU/2X  VSTARTILITY PARAMETER/)

FuitiAT(/32x0 YUORK PEK CYCLE/)
FURMAT (10X, "XHARY ,OX e tCPCy THLATIAXr 'CPSe INLR®»EX»1CPTe INLBY/)
FURIMATIF L3430 3F15.4/)
WEITI O w30
WRITL UL 320)
WATTE (LY 5060
LR TTE (LY 308) (X2ARGIY e CPC LD 2 CPS LU 1 CPTLUY 9 JEKSTAR P LIM)
1S

DO 10 JEKSTAR P LIm

HET(JY = 2CT01(UI/2e/7 L1 tASRXKS{J) ZAP/XKP (U 1+ {1 e+ AS*XKS (J) ZAP/XKP

LU ALLTOR (U /ZETOL(U)) .

170

172

174

176

17

ART () Z0NS 3L LU /{1 HASAXKS LU /8P /ZXKP{J) Y2 (1o FAGRXKS(J) /AP/YKP (J) *
10RSG3 (I /0500 (U))

RI1Z = nRTJ) 62 = ART(M)

IF(RT12) 172+170.270

S1{J) = =anTid) + SORTMTLIR) A,

G2(J) = =aiT{J) = SORT(RT1I2)

SiI1(h) = 9 .

S2IY) = U ) e e P

GO TO 174 '

S1(J) = =gaT(h

Seld) = S1(d) . FE .

S1I(J) = SRT(ABSIRTLI2)Y)) '

S21(d) = =5110) .

RI%G = (ZETO2(U/2)%%2 = 01SQ2(J) | .

1H (RT34) 170,1764176

S5(J) ==ZET02(J)/2.+SeRT(RT34)

Su(J) ==ZET02(UY/2.=-SCRTIRTANY ...
S31(d) = 0
Suild) = 0
GG TO 179

§3(J) = -2ETOZ(JI /2. 4
S4 () = 53(J)

SEIJY) T SORTIARS(RTIG)). e e e
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0lleH
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01135
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Ullon
01147
01140
01161
Olive
Ullag
0liue
01183
01146
siin?
01is2
0115
Olive
0L10u
01103
Jlivo
011(‘)7
01171
o117
41175
01170
0LL77
Ulz01
ylz204
01245
Ulzbn
Uletd
Jlule
Jlols
Jredo

[V U Y

REAIRS
Jle
St
dr3e
e h
et
Sabe
Je T+
S2L#*
ScIe
S5ux
33) e
D324
335+
354+
3L«
3ur
RNy
30
KRR
3ht 4
2414
dugt
Sud¢
LEUR]
Sin
Aty &
S /4
St
Iugx
250+
31
NEY4d
RN
3otk
3054
Shix
A7+
Dok
InOs
Jul)lx

301+

024+
RTOIES
RIEER
RIS RN
Jnox
307«
RITHY
ot
ST«
274 %
372 %
373+
YR
374«
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Sl

GuYld) = GORTAFS(2T54))

L74 CuMEIngk

e Cony s . i

22e FUPLALL Z2X2 TROOTSY /) :

3oy FORMAT 107r PXIARY » 12X 'ROOT S11910Y tRNOOT S22t 19X, *ROOT S311 19Xy
190 T Sut)

320 FOIGATL LTLXa VIMY, OXp tRFAL s TXy YIMAGY y 11X *PALY »7X P IMAG® 9 11X,
JOpEAL T A Y IRAGY y LI tREAL Y ¢ TX e 1 1MAGY/)

32t FGPEA TG E 1 e D128 e E10 s E12, 0 ELN ) T2, 4028, EL2.0/)
VI T (e e 302)
ARITE (e 320
YRITE AL B2R) !
ERITE AL @ e 2050 {XAARII) eS1LI v S1TU) #S2 